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NOVEL MHC MOLECULE CONSTRUCTS, AND METHODS OF EMPLOYING 
THESE CONSTRUCTS FOR DIAGNOSIS AND THERAPY, AND USES OF 
MHC MOLECULES 

5 The present invention relates to the field of poly-valent 
compounds carrying ligands capable of ligating to counter 
receptors on relevant target cells. The compounds possess 
a number of advantageous features, rendering them very 
suitable for a wide range of applications. In particular, 

10 the present invention relates to novel MHC molecule 
constructs comprising one or more MHC molecules. The 
affinity and avidity of the MHC molecules of the 
constructs are surprisingly high. The possibility of 
presenting to target cells a plurality of MHC molecules 

15 makes the MHC molecule constructs of the invention an 
extremely powerful tool e.g. in the field of diagnosis. 
Comprised by the present invention is the sample-mounted 
use of MHC molecules, MHC molecule multimers, and MHC 
molecule constructs. The invention relates further in 

2 0 general to the field of therapy, including therapeutic 

methods and therapeutic compositions. The therapeutic 
compositions may be applied both in vivo and ex vivo. 

BACKGROUND OF THE INVENTION 

25 

Specific ligation of ligands to counter receptors on 
target cells control many important responses in the 
human organism. The physiological implications of ligand 
binding to receptors for peptide hormones e.g. insulin 

3 0 receptors (IR) have been known for decades. Peptide 

hormones may be secreted from one organ and exert their 
effect locally or be distributed with blood to distantly 
located cell types or tissues. Our present understanding 
of the biological functions related to a variety of 
35 receptors has emerged from detailed studies of ligand 
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binding, signal transduction and other measurements of 
physiological responses . 

Recently, more complicated ligand- receptor interactions 
5 that relate to regulation of specific immune responses 
have been described. For example, it is now well known 
that biochemical interactions between peptide epitope 
specific membrane molecules encoded by the Major 
Histocompatibility Complex (MHC, in humans HLA) and T- 
10 cell receptors (TCR) are required to elicit specific 
immune responses. This type of ligand- receptor inter- 
action is somewhat more complicated, in comparison to 
more ^^conventional'' ligand-receptor models like insulin 
and IR. Activation of T-cells requires simultaneous 
. . .15 signalling through other . receptors as well, and may 
acquire additional binding energy from ligation between 
other membrane molecules, e,g. adhesion proteins, to 
ensure a close physical contact between the involved 
cells . 

20 

The specific (adaptive) immune system is a complex 
network of cells and organs that work together to defend 
the body specifically against attacks by ^^foreign^' or 
^^non-self invaders. In addition, the immune system also 
25 comprise a more unspecific defence line (so-called innate 
immune system) consisting of cell types and tissues, 
which by physical and chemical means provide resistance 
toward foreign invaders . 

3 0 The cellular network of the specific immune system is one 
of the body's main defences against disease. It works 
against disease, including cancer, in a variety of ways. 

Thus, a detailed knowledge of the molecular mechanisms 
3 5 underlying activation of the .human immune system may not 
only have a profound effect and importance for control of 
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diseases in humans . A detailed understanding will also 
provide diagnostic tools for control of infections and 
other diseases in other vertebrate species of economical 
importance. A detailed understanding will further provide 
5 the possibility of manipulating the immune system (both 
in vivo and ex vivo) so as to control infections and 
other diseases . 

The genes located in the human MHC locus (HLA locus) 
10 encode a set of highly polymorphic membrane proteins that 
sample peptides in intracellular compartments and present 
such peptide epitopes to antigen specific receptors (TCR) 
on T-cells. The extensive genetic polymorphism of this 
locus is the background for the unique genetic finger 
15 print of the immune system. in individuals and defines the 
repertoire of antigenic peptide epitopes which the human 
population is capable of recognising and respond to, 
Thus, HLA molecules are key players in determining 
penetrance and spreading of human diseases. MHC molecules 

2 0 of other higher vertebrate species exert identical 

biological functions as those described for HLA in man. 

To elicit a full and adequate response^ the immune system 
acquire, in addition to the signal transduction resulting 
25 from the peptide specific interaction of MHC and TCR 
molecules (signal 1) , stimuli by ligation of other so- 
called co-stimulatory molecules as well (signal 2) . Both 
groups of immune activating ligands bind to their 
specific counter receptors with low affinity. For 

3 0 example, it has been measured that monovalent MHC-TCR 

interaction has an affinity constant of lOpM with a half- 
life corresponding to few minutes. Interaction between 
CD28 on T-cells and the co-stimulatory molecules on 
antigen presenting cells has an affinity of same level. 
35 The low intrinsic affinity has been a significant factor 
that limited quantitative analysis of specific 
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interactions required for specific immune responses. A 
recently established technology to produce soluble 
tetramer MHC complexes, first reported by Davis and co- 
workers in 1996 (ref. 1, Science 274, 94-96 (1996)} has 
5 provided a tool for analysis and detection of specific 
interaction between peptide epitope specific MHC and TCR 
molecules on T-cells in certain applications. Tetramers 
result from biotinylating MHC Class I molecules folded in 
the presence of a specific peptide determinant prior to 

10 cross -linking with streptavidin. Until now, several in 
vitro and in vivo assays (limited dilution assay, 
proliferation assay, cytokine or cytotoxic activity, 
ELISPOT and flow cytometry) have been established for 
monitoring of cytotoxic T-cell responses toward cancers, 

15 infectious diseases and auto - ant igens . Though the most 
useful of these approaches to predict clinical efficacy 
of e.g. cancer vaccines remains to be defined, there is 
high expectation in the field about the potential of 
tetramers. In a more recently developed alternative 

2 0 approach, the group of Schneck used immunoglobulin as a 

molecular scaffold to produce a divalent peptide-MHC-IgG 
complex (ref. 2). Numerous reports have shown that both 
types of oligovalent MHC complexes bind to antigen 
specific T-cells. Such approaches have proven to be 
25 valuable for scientific, practical or clinical uses. 

However, the previous reported findings still leaves room 
for improvement . Many MHC molecules are labile compounds 
not very easy obtainable, they need to be folded 

3 0 correctly to be functional, and they have low intrinsic 

binding affinity to TCRs making it difficult to obtain 
sufficient interaction with the TCR. These obstacles with 
the combined effects thereof have resulted in limited 
utilisation of MHC multimer technology and uses in many 
35 laboratories. Previous reports have only demonstrated 
binding of multi-valent complexes consisting of 2-4 
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peptide epitope specific MHC Class I or II molecules. The 
binding of such multi-valent complexes allows only- 
detection of high affinity T-cell clones i.e. excludes a 
variety of T-cell clones that respond specifically 
5 towards e.g. sub-dominant peptide/MHC epitopes. 

Many techniques, like e.g. flow cytometry, ELISA or 
electrophoresis, use homogenised tissue, cells or cell 
fragments. In many applications, however, it is a major 

10 advantage being able to identify and study potential 
targets in their native environment and surroundings, 
i.e. in samples wherein the morphology is preserved. 
However, this is very demanding on the means used in the 
determination. The means must be able to bind to the 

15 target of interest when the morphology is preserved. 

The benefits of early diagnosis are extremely high. The 
earlier the diagnosis of a serious disease or condition 
is established, the better the possibilities of curing or 
20 at least control. However, this requires sensitive, 
specific, and, not least, very safe means. The latter is 
e.g. important in order to avoid both a high number of 
false positive and a high number of false negative 
results . 

25 

An widely used method for diagnostic procedures, 
prognostic procedures as well as patient monitoration and 
stratification is histochemistry, especially immunohisto- 
chemistry (IHC) (or immunocytochemistry as it is 

30 sometimes called) . IHC is a potent tool for demonstrating 
a variety of bio-macromolecules or related biochemical 
events in situ, combined with the study of tissue 
morphology and has been and continuously is extensively 
applied in biomedical and clinical diagnostic studies 

35 especially for tumour diagnostics. 
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Thus, histochemistry is for example used to differentiate 
between tumours with similar histological patterns, to 
define the origin of metastasising tumours, in 
prognostication of tumours (i.e. detecting early 
5 neoplatic processes) , to identify tumour recurrence and 
to measure the effectiveness of various therapies . 

In research applications, IHC has an obvious role in 
detearmining the cytological and histological distribution 
10 of biological structures as a complimentary and/or 
confirmative analysis to results on DNA and RNA level. 

The present invention further provides powerful tools in 
the field of therapy. Diagnosis and therapy are two 

15 fields closely connected*. Diagnosis is also about 
determining or selecting the appropriate and optimal 
therapy. As medicaments become more specific targeting 
effectively specific variants of diseases (so-called 
designer drugs) , the interrelation between diagnosis and 

20 therapy becomes more important and inseparable. 
Furthermore, the increasing understanding of the immune 
system raises the possibility of designing medicaments as 
well as the demands therefore . 

25 A major goal of anti-tumour or anti-virus immunotherapy 
is to generate antigen-specific, long-lived protective T- 
cells that enable killing of target cells. Once the 
antigen- specific T-cells have been isolated they can be 
cultured in the presence of co-stimulatory molecules. 

3 0 Magnetic beads, such as Dynabeads®, can be coated with 
antibodies developed against various co- stimulatory 
molecules, and used as artificial APCs to support the 
long-term growth ex vivo of various subsets of T-cells. 
This ex vivo priming and expansion of human effector T- 

3 5 cell populations has a great potential for use in 
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immunotherapy applications against various types of 
cancer and infectious diseases. 

Admittedly, the success of immunotherapies that 
5 substantially interfere with the function of cells has 
been limited, but it is continuously believed that this 
would be a way of treating a broad range of serious 
diseases, including cancer and auto-immune diseases . 

10 In spite of the previous reported findings, there is 
still plenty of room for new approaches . The present 
invention offers such new approach both in the field of 
diagnosis and the field of therapy. 

15 SUMMARY OP THE INVENTION 

To exploit the real potentials of multi-valent MHC 
compounds, novel MHC molecule constructs were generated, 
which have been shown to possess numerous advantages and 
20 thus the expectations to these novel constructs are high. 
The constructs of the present invention can potentially 
express very high numbers of MHC molecules (poly-ligands) 
being well-defined TCR specific ligands. 

25 It is shown herein (cf. the Examples) that these MHC 
molecules constructs bind with much higher avidity to 
antigen specific T-cells than the known prior art 
tetramers under comparable conditions. The unexpected and 
surprisingly increased binding energy, derived through a 

3 0 higher valence of the compounds, allows specific and 
efficient staining of even subtle T-cell populations in 
e.g. peripheral blood cells e.g. using flow cytometry 
(cf. the Examples). 

35 Thus, in a first aspect, the present invention relates to 
novel MHC molecule constructs comprising a carrier 



wo 02/072631 



PCT/DK02/00169 



molecule having attached thereto one or more MHC 
molecules, said MHC molecules being attached to the 
carrier molecule either directly or via one or more 
binding entities. 

5 

The MHC molecule constructs of the invention may be 
provided in non- soluble or soliible form, depending on the 
intended application. 

10 The MHC molecule constructs of the present invention have 
numerous uses and are a valuable and powerful tool e.g. 
in the fields of diagnosis, prognosis, monitoring, 
stratification, and determining the status of diseases or 
conditions as well as in therapy. Thus, the MHC molecule 

15 constructs may be applied in the various methods 
involving the detection of MHC recognising cells. 

Furthermore, the present invention relates to 
compositions comprising the MHC molecule constructs in a 
20 solubilising medium. The present invention also relates 
to compositions comprising the MHC molecule constructs 
immobilised onto a solid or semi-solid support. 

The MHC molecule constructs are very suitable as 
25 detection systems. Thus, the present invention relates to 
the use of the MHC molecule constructs as defined herein 
as detection systems. 

In another aspect, the present invention relates to the 
3 0 general use of MHC molecules and multimers of such MHC 
molecules in various sample -mounted methods. These 
methods include diagnostic methods, prognostic methods, 
methods for determining the progress and status of a 
disease or condition, and methods for the stratification 
35 of a patient. 



wo 02/072631 



PCT/DK02/00169 



9 



The MHC molecule constructs of the present invention are 
also of value in testing the expected efficacy of 
medicaments against or for the treatment of various 
diseases. Thus, the present invention relates to methods 
5 of testing the effect of medicaments or treatments, the 
methods comprising detecting the binding of the MHC 
molecule constructs to MHC recognising cells and 
establishing the effectiveness of the medicament or the 
treatment in question based on the specificity of the MHC 
10 recognising cells. 

As mentioned above, the present invention also relates 
generally to the field of therapy. Thus, the present 
invention relates per se to the MHC molecule construct as 
15 defined herein for use as medicaments, and to the MHC 
molecule constructs for use in in vivo and ex vivo 
therapy. 

The present invention relates to therapeutic compositions 

2 0 comprising as active ingredients the MHC molecule 

constructs as defined herein. 

An important aspect of the present invention is 
therapeutic compositions comprising as active ingredients 
25 effective amounts of MHC recognising cells obtained using 
the MHC molecule constructs as defined herein to isolate 
relevant MHC recognising cells, and expanding such cells 
to a clinically relevant number. 

3 0 The present invention further relates to methods for 

treating, preventing or alleviating diseases, methods for 
inducing anergy of cells, as well as to methods for up- 
regulating, down-regulating, modulating, stimulating, 
inhibiting, restoring, enhancing and/or otherwise 
3 5 manipulating immune responses. 
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The invention also relates to methods for obtaining MHC 
recognising cells using the MHC molecule constructs as 
described herein. 

5 Also encompassed by the present invention are methods for 
preparing the therapeutic compositions of the invention. 

BRIEF DESCRIPTION OF THE FIGURES 

10 Below is given a brief description of the Figures. 

Figures 1-24, and 49-57 illustrate some embodiments of 
the MHC molecule constructs of the present invention. 
Figures 49 and 50 illustrate in particular some 
15. embodiments of the MHC molecule constructs are provided 
in immobilised form, althouth the embodiments shown in 
Figure 1-24 can also be provided in immobilised form. It 
should be recognised that the embodiments are examples of 
suitable MHC molecule constructs and should in no way be 

2 0 limiting on the scope of the invention. 

Figure 25-33 illustrate some of applications of the MHC 
molecule constructs including specificity, effect of 
size, time of incubation, dependency of concentration, 
25 time course for dissociation of binding, inhibition of 
binding by antibodies, effect of HLA (human MHC) -to- 
dextran ratio at ligation on the specific binding, as 
well as ability to stain T-cell subpopulations , cf. the 
Examples. Thus, the usefulness of the MHC molecule 

3 0 constructs in practical clinical applications is 

demonstrated . 

Figures 34-37 show interesting HLA (human MHC) Class I 
and Class II binding motifs, interesting HIV/SIV protein, 
35 interesting tumour-associated antigens recognised by T- 
lymphocytes, and HIV CTL epitopes. 
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Figures 3 8-45 illustrate the usefulness of the MHC 
molecule constructs in practical applications, cf . the 
Examples- 

5 

Figures 46-48 illustrate in a schematic way how the MHC 
molecules of the constructs of the present invention 
mimic the real life situation, where a receptor on a cell 
binds to a MHC molecule presented on e.g. an infected 
10 cell. 

Figure 1. Summary of symbols used in the Figures 2-24. 
Direct or indirect labels, pair of binding entities, 
haptens, antibodies, specific receptors, MHC molecules, 
15 peptides and polymer. 

Figure 2 . MHC molecule construct comprising multiple MHC 
molecules, each filled with a peptide, attached via 
labelled binding entities to a carrier molecule. 

20 

Figure 3 . MHC molecule construct comprising different MHC 
molecules, filled with different peptides, attached via 
binding entities to a carrier molecule. 

25 Figure 4. MHC molecule construct comprising multiple MHC 
molecules, each filled with peptide, attached via the 
binding entities to a labelled carrier molecule. 

Figure 5. MHC molecule construct comprising different MHC 
3 0 molecules, filled with different peptides, attached via 
binding entities to a labelled carrier molecule. 

Figure 6. MHC molecule construct comprising multiple MHC 
molecules, filled with different peptides, attached via 
35 binding entity to a labelled carrier molecule. 
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Figure 7 - MHC molecule construct comprising different MHC 
molecules, filled with different peptides, and attached 
via different binding entities to a carrier molecule. The 
binding entities are labelled. 

5 

Figure 8 . MHC molecule construct comprising multiple MHC 
molecules, each filled with peptide, attached via binding 
entities to a carrier molecule. The MHC molecules are 
labelled. 

10 

Figure 9 . MHC molecule construct comprising multiple MHC 
molecules, each filled with peptide, attached directly to 
a carrier molecule. The MHC molecules are labelled. 

15 Figure 10. MHC molecule construct comprising multiple MHC 
molecules, each filled with peptide, attached directly to 
a carrier molecule. The carrier molecule is labelled. 

Figure 11. MHC molecule construct comprising multiple MHC 
20 molecules, each filled with peptide, attached directly to 
a carrier molecule. The peptides are labelled. 

Figure 12. MHC molecule construct comprising MHC 
molecules, filled with different peptides, attached 
25 directly to a carrier molecule. The MHC molecules are 
labelled - 

Figure 13 . MHC molecule construct comprising different 
MHC molecules, filled with different peptides, attached 
30 directly to a carrier molecule. The carrier molecule is 
labelled. 

Figure 14. MHC molecule construct comprising multiple MHC 
molecules, each filled with peptide, attached via binding 
35 entities being specific antibodies and/or antigens to a 
carrier molecule. The antibodies /antigens are labelled. 
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Figure 15 . MHC molecule construct comprising multiple MHC 
molecules, each filled with peptide, attached via binding 
entities being specific antibodies and/or antigens to a 
5 carrier molecule. The carrier molecule is labelled. 

Figure 16. MHC molecule construct comprising multiple MHC 
molecules, each filled with peptide, attached via binding 
entities being specific antibodies and/or antigens to a 
10 carrier molecule. The MHC molecules are labelled . 

Figure 17. MHC molecule construct comprising different 
MHC molecules, filled with different peptides, attached 
via binding entities being specific antibodies and/or 
15 antigens to a carrier molecule. The MHC molecules are 
labelled. 

Figure 18 . MHC molecule construct comprising multiple MHC 
molecules, each filled with labelled peptide, attached 
20 via binding entities being specific antibodies and/or 
antigens to a carrier molecule. 

Figure 19. MHC molecule construct comprising multiple MHC 
molecules, each filled with peptide, attached via binding 
25 entities being specific antibodies and/or antigens to a 
carrier molecule. Labelled secondary antibodies/antigens 
are binding to the antibodies /antigens of the binding 
entity. 

30 Figure 20. MHC molecule construct comprising multiple MHC 
molecules, each filled with peptide, attached via binding 
entities being specific and labelled antibodies and/or 
antigens to a carrier molecule. Labelled secondary 
antibodies/antigens are binding to the antibodies/anti- 

3 5 gens of the binding entity. The label may be the same or 
different . 
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Figure 21. MHC molecule construct comprising multiple MHC 
molecules, each filled with peptide, attached via hapten 
labelled binding entities, to a carrier molecule. 
5 Labelled antibodies are binding to the haptens on the 
'binding entities. 

Figure 22. MHC molecule construct comprising multiple MHC 
molecules, each filled with peptide, attached directly to 
10 a hapten labelled carrier molecule. Labelled secondary 
antibodies are binding to the haptens on the carrier 
molecule . 

Figure 23 . MHC molecule construct comprising multiple MHC 
15 molecules, filled with ' different peptides, attached 
directly to a hapten labelled carrier molecule. Labelled 
secondary antibodies are binding to the haptens on the 
carrier molecule . 

20 Figure 24. MHC molecule construct comprising multiple and 
different MHC molecules, each filled with peptide, 
attached directly to a hapten labelled carrier molecule. 
Labelled secondary antibodies are binding to the haptens 
of the binding entity. 

25 

Figure 25. Flow cytometric analysis of the binding of 
MART-1 specific poly-ligand MHC molecule constructs of 
the invention and MART~1 specific MHC molecule tetramers 
to specific T-cell clones. Data are presented as staining 

3 0 intensity of viable T-cells as a function of increasing 
concentrations of poly-ligand MHC molecule constructs and 
MHC molecule tetramers, respectively. Figure 25A shows 
the specificity in the binding of PE-A2-MART-1 tetramers 
to the MART-1 and gplOO specific T-cell clones 5/127 and 

35 5/130. Figure 25B shows the effect of carrier molecule 
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size on the binding of FITC A2-MART-1 poly-ligand MHC 
molecule constructs to T-cell clone 5/127. 

Figure 26. Flow cytometric analysis of the binding of 
5 poly-ligand MHC molecule constructs and MHC molecule 
tetramers to an influenza specific T-cell line 
illustrating specific and dose dependent staining. Figure 
26A: Binding of PE- labelled tetramers to an influenza 
specific T-cell line. Figure 26B: Binding of FITC- 
10 labelled poly-ligand MHC molecule constructs to an 
influenza specific T-cell line. 

Figure 27. Comparative flow cytometric analysis of time 
and concentration dependent- staining by poly-ligand MHC 

15 molecule constructs of the invention and MHC molecule 
tetramers to the 5/127 T-cell clone. Figure 27A: Time 
dependent binding of PE- labelled MARTI -A2 tetramers at 
tetramer concentrations from 14 to 112 nM. Figure 27B: 
Time dependent binding of FITC- labelled MARTI -A2 poly- 

2 0 ligand MHC molecule constructs at concentrations from 2 
to 16 nM. 

Figure 28. Flow cytometric analysis of the temperature 
effect on the dissociation of cell bound A2-MART-1 poly- 

2 5 ligand MHC molecule constructs of the invention from the 

T-cell clone 5/127. The effect was studied at 4°C, 22°C 
and 37 °C, respectively. 

Figure 29. Flow cytometric analysis of the inhibition of 

3 0 A2-MART-1 poly-ligand MHC molecule construct binding to 

the T-cell clone 5/127 by monoclonal antibodies directed 
against the proximity of the peptide-binding site. Figure 
29A: The effect of the following antibodies were tested: 
BB7.2, HLA A0201 specific; W6/32, HLA A, B, C pan 
3 5 specific; BBMl, P2m specific. All antibodies were used at 
a concentration of 10 nM. bck: Background value, - mab: 
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without antibody treatment. Figure 29B: Test of 
increasing concentrations of the two monoclonal 
antibodies: BBMl {^2^ specific) antibody and mouse anti 
human T-cell CDS antibody. 

5 

Figure 30. Flow cytometric analysis of HLA Class I poly- 
ligand construct binding to the to the T-cell clone 5/127 
showing the effect of variations in the HLA to dextran 
ratio in the ligation process. Dextrans of 150, 270 and 
10 500 kDa were tested. 

Figure 31. Flow cytometric diagram showing the analysis 
of an A2-MART-1 peptide specific T-cell subpopulation of 
5% stained with: (A) PE- labelled tetramer MART-l/HLA 
15 molecule at a concentration of 15 nM. (B) FITC- labelled 
poly-ligand MART-l/HLA moleculte construct at a concentra- 
tion of 3 nM. The T-cell population was obtained by 
mixing the two T-cell clones 5/127 (MART-1 specific) and 
the 5/130 (gplOO specific) . 

20 

Figure 32 . Flow cytometric diagram showing poly-ligand 
MHC molecule construct staining of (A) MART-1 (clone 
5/127) and (B) gplOO (clone 5/130) specific T-cells. In 
each case only 1% of the T-cell population was positive 
25 mimicking the level of positive T-cells typically found 
in patient samples. The T-cell population was obtained by 
mixing the two T-cell clones 5/127 and 5/130 at the 
relevant ratios. 

30 Figure 33. Binding assay showing the effect of the 
presence/absence of 10 nM monoclonal antibodies on the 
binding of iodinated (^^^I-labelled psm) poly-ligand MHC 
molecule construct displaying A2-MART-1 to T-cell clone 
5/127 (MART-1 specific) . The following antibodies were 

3 5 used: BBMl (human Patn specific) ; W6/3 2 HLA A, B, C pan- 
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specific); and BB7.2 (HLA-A0201 specific). Ctrl 5/130: 
Negative control cell line 5/130. 

Figure 34 indicates interesting HLA Class 1 and Class II 
5 molecule binding motifs. 

Figure 35 indicates interesting HIV/SIV proteins. 

Figure 36 indicates interesting tumour-associated anti- 
10 gens recognised by T- lymphocytes . 

Figure 3 7 indicates interesting HIV CTL epitopes. 

Figure 38. Fluorescent in situ staining of T-cells in 

15 biopsies, taken from different breast cancer lesions, 
with labelled "CDS antibody and poly-ligand MHC molecule 
constructs. Figure 3 8A: Staining with Cy3 -labelled CDS 
antibody (left picture) , f luorescein-labelled survivin 
analogue peptide poly-ligand HLA A02 01 molecule construct 

20 (right picture) on biopsies of HLA A2 positive patient, 
and the merged pictures (middle picture). Figure 38B: 
Staining with Cy3-labelled CDS antibody (left picture) , 
f luorescein-labelled non-sense gplOO analogue peptide 
poly-ligand HLA A0201 molecule construct (right picture) 

25 on biopsies of HLA A2 positive patient, and the merged 
pictures (middle picture) . Figure 3 8C: Staining with Cy3- 
labelled CDS antibody (left picture) , f luorescein- 
labelled survivin analogue peptide poly-ligand HLA A02 01 
» molecule construct (right picture) on biopsies of HLA A2 

3 0 negative patient, and the merged pictures (middle 
picture) . 

Figure 39. Fluorescent in situ staining of T-cells in 
biopsies, taken from melanoma lesions and lymph nodes, 
35 with labelled CDS antibody and poly ligand MHC molecule 
constructs. Top lane: Staining with Cy3- labelled CDS 
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antibody (left picture) , fluorescein- labelled survivin 
analogue peptide poly-ligand HLA A0201 molecule construct 
(right picture) of melanoma lesions from HLA A2 positive 
patient, and the merged pictures (middle picture) . Bottom 
5 lane: Staining with Cy3-labelled CDS antibody (left 
picture) , f luorescein-labelled survivin analogue peptide 
poly-ligand HLA A0201 molecule construct (right picture) 
of lymph node from HLA A2 positive patient, and the 
merged pictures (middle picture) . 

10 

Figure 40. Fluorescent in situ staining of T-cells with 
PE-labelled CDS antibody (left picture) , fluorescein- 
labelled MART-1 peptide poly-ligand HLA A0201 molecule 
construct (right picture) of melanoma lesions from HLA A2 
15 positive patient, and the merged picture (middle 
picture) . 

Figure 41. Fluorescent in situ staining of different T- 
cell populations in skin biopsies from immunisation 

20 injection site with labelled TCR VB12 antibody and MART-1 
or MAGE-3 peptide poly ligand MHC molecule constructs. 
Figures 41A, 41B and 41C: Staining with Cy3 -labelled TCR 
BV12 antibody (left pictures) , f luorescein-labelled MART- 
1 peptide poly-ligand HLA AO 2 01 molecule construct 

25 (middle pictures) , and the merged pictures (right 
pictures) . Figure 41D: Staining with Cy3- labelled TCR 
VB12 antibody (left picture) , f luorescein-labelled MAGE-3 
peptide poly-ligand HLA A02 01 molecule construct (middle 
picture) , and the merged pictures (right picture) . 

30 

Figure 42. Fluorescent in situ staining of T-cells in 
skin biopsies from gplOO peptide epitope immunisation 
injection site with CDS antibody and poly ligand MHC 
molecule constructs. Figure 42A: Staining with Cy3- 
3 5 labelled CDS antibody (left picture) , f luorescein- 
labelled non-sense MAGE-3 peptide poly-ligand HLA A02G1 
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molecule construct (middle picture) , and the merged 
pictures (right picture). Figure 42B: Staining with Cy3- 
labelled CDS antibody (left picture) , fluorescein- 
labelled gplOO peptide poly-ligand HLA A0201 molecule 
5 construct (middle picture) , and the merged pictures 
(Right picture) . 

Figure 43 . Bright field microscope picture of an AEC 
chromogen in situ staining of T-cells in HLA A0201 

10^ positive melanoma tissue with MART-1 peptide analogue 
(ELAGIGILTV) poly-ligand HRP-labelled MHC molecule 
construct . Different endogenous peroxidase blocking 
reagents were used. Figure 43A: peroxide /methanol 
solution, and Figure- 43B: DAKO peroxidase blocking 

15 solution. Positive cells, are coloured red. 

Figure 44. Effect of poly-ligand MHC molecule constructs 
without or combined with MIC A protein on release of IFN- 
gamma from T-cells. Cells were incubated with MHC 
20 molecule construct for the indicated periods before 
measurement of INF-gamma in supernatants . The T-cell 
clone did not secrete INF-gamma when incubated with MHC 
molecule construct displaying an irrelevant peptide. 

25 Figure 45. Bright field microscope picture of Survivin 
reactive cytotoxic T- lymphocytes (CTL) isolated from a 
melanoma infiltrated lymph node using magnetic beads. 
Figure 45A: The Survivin peptide reactive CTLs were 
isolated/resetted with Dynabeads® coated with a 

3 0 recombinant HLA A02 01/Survivin peptide - complex . Figure 
45B: Dynabeads coated with a recombinant HLA 
A0201/inf luenza peptide -complex are used as negative 
control . 

35 Figure 46. Foreign peptides and proteins are presented to 
the immune apparatus through MHC molecules displayed on 
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the surface of cells. Some cells recognise and bind to 
the MHC molecule in complex with a peptide presented at 
the surface of the cells. Such cells (MHC recognising 
cells) ^'taste" the different MHC molecule/peptide 
5 combinations. If the receptor on the MHC recognising cell 
can bind to the MHC molecule/peptide complex, then a 
cascade of cellular responses may be induced. 

Figure 4 7 illustrates how the MHC molecule in complex 
10 with a peptide fits into a receptor by a cell. Each MHC 
molecule of the MHC constructs of the invention acts like 
the cell displaying a MHC molecule/peptide complex. Thus, 
the presence of specific cells, namely those that have a 
receptor recognising the specific MHC molecule/peptide 
15 combination, can be identified. 

Figure 48 illustrates how the MHC molecules of the MHC 
molecule constructs of the invention may be viewed as a 
^^string of pearls". The MHC molecule constructs bind with 
20 high avidity to receptors on the MHC recognising cells. 

Figure 4 9 shows an embodiment of the present invention 
where the MHC molecule construct of the invention 
comprises peptide filled HLA molecules. Here the MHC 
25 molecule construct is coupled (or immobilised) directly 
onto a solid or semi-solid support in this case beads or 
particles . 

Figure 5 0 shows an embodiment of the present invention 
3 0 where the MHC molecule construct of the invention 
comprises peptide filled HLA molecules as well as co- 
stimulatory molecule e.g. CD8 0 or CDS 6. Here the MHC 
construct of the present invention is coupled (or 
immobilised) directly onto a solid or semi-solid support 
35 in this case beads or particles. 
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Figure 51 shows an embodiment of the present invention 
where the MHC molecule construct of the invention 
comprises peptide filled HLA molecules. Here the MHC 
construct of the present invention is coupled (or 
5 immobilised) onto a solid or semi -solid support in this 
case beads or particles using an antibody binding to the 
carrier molecule. 

Figure 52 shows an embodiment of the present invention 
10 where the MHC molecule construct of the invention 
comprises peptide filled HLA molecules and co-stimulatory 
molecules . Here the MHC construct of the present 
invention is coupled (or immobilised) onto a solid or 
semi-solid support in this case beads or particles using 
15 an antibody binding to the carrier molecule . 

Figure 53 shows an embodiment of the present invention 
where the MHC molecule construct of the invention 
comprises peptide filled HLA molecules . Here the MHC 
20 construct of the present invention is coupled (or 
immobilised) onto a solid or semi-solid support, in this 
case, beads or particles by a biotin-avidin binding pair. 

Figure 54 shows an embodiment of the present invention 

2 5 where the MHC molecule construct of the invention 

comprises peptide filled HLA molecules and co-stimulatory 
molecules. Here the MHC construct of the present 
invention is coupled (or immobilised) onto a solid or 
semi-solid support, in this case, beads or particles via 

3 0 biotin-avidin. 

Figures 55, 56, and 57. In the case T-cells only receive 
one signal through the TCR/CD3 complex, this signal can 
induce apoptosis of the T-cells. In principle, this can 
3 5 occur during the separation procedure where T-cells may 
be contacted by magnetic beads carrying MHC molecule 
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be contacted by magnetic beads carrying MHC molecule 
constructs. Apoptosis can be avoided or reduced by 
providing the T-cells with a co- stimulatory signal during 
the cell isolation procedure. Poly-ligand constructs 
5 according with both MHC molecules and co-stimulatory 
molecules would compromise the specificity of cell 
isolation. In order to avoid or reduce this, T-cell 
isolation can be performed with MHC molecule constructs 
immobilised on beads in the presence of co-stimulatory 
10 antibodies or ligands conjugated to soluble MHC molecule 
constructs (Figure 55) , in the presence of co-stimulatory 
antibodies or ligands conjugated to another solid or 
semi -sol id phase (Figure 56) , or in the presence of 
soluble CO- stimulatory antibodies or ligands (Figure 57) . 

15 

DETAILED DESCRIPTION OF THE INVENTION 

In order to better explain the present invention, a 
description of some important characteristics of the 
2 0 immune system and MHC molecules are given below. 

The immune system and MHC molecules 

The immune system can be viewed as one of natures major 
bioinformatic systems. It evaluates any substance that 

25 enters into the internal environment, determines its 
nature and decides whether to take action against it . 
Proteins and peptides are the most important means of 
obtaining and conveying such immune information. From 
this point of view, MHC molecule encodes the most 

30 essential group of molecules required for recognition of 
immunogenic antigens- MHC molecules are sampling the 
entire protein metabolism for peptide information and 
make this information available for the central 
recognition unit of the immune system, the T-cell. 

35 However, these effector cells require substantial 
interaction between the MHC molecule and TCRs to sustain 
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that at least two signals are required for activation of 
naive T-cells: One signal emerges by the molecular 
interaction between MHC molecules and TCR, whereas the 
other signal is derived from ligation of co-stimulatory 
5 ligands e.g. B7-1 and their counter receptors e.g. CD28. 
It has also been shown that other molecules e.g. NK 
receptors may regulate the activation threshold of T- 
cells- Thus, full activation of T-cells and other immune 
competent effector cells recfuire an orchestrated action 
10 of multiple ligands; one could say that immune responses 
are under control of poly-ligand compounds. 

The function of the immune system is to protect the body 
against foreign invaders or aberrant self -molecules (e.g. 
15 parasites, bacteria, viruses and cancer) . Such threats 
can normally be eliminated or neutralised efficiently by 
the immune system. To administrate this potential, the 
immune system must discriminate normal molecules in the 
healthy body from the presence of foreign or aberrant 

2 0 self -molecules , which may be expressed during genesis of 

diseases e.g. cancer. Ideally, foreign or aberrant 
molecules should be eliminated, while the body itself 
should be left unharmed. One major hallmark of the immune 
system is therefore one of specificity i.e. the ability 

25 to discriminate between various targets and in particular 
to distinguish between self and non-self. The specific - 
or adaptive - immune system involve a large number of 
different cell types. Immune responses develop from an 
orchestral interplay of antigen -processing/presenting 

30 cells and effector cells. The central effector cells are 
lymphocytes, with a major subdivision into B- and T-cells 
representing humoral and cellular responses, respec- 
tively. Both cell populations use receptors, which in 
their genome are encoded in many bits and pieces allowing 

3 5 enormous recombinatorial receptor diversity. Each B- or 

T-cell carries one, and only one, of these receptors 
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which recognise their tiny but unique fragments of the 
universe. All human lymphocytes combined divide the 
entire universe into two major groups of targets: a group 
of self -antigens that are tolerated by the immune system 
5 and a group of non-self or aberrant antigens that may 
elicit a response. The overall specificity of the immune 
system is generated, regulated and co-ordinated through 
processes controlling individual lymphocytes. Deleting, 
or inactivating a lymphocyte clone removes the corre- 
10 spending specificity from the repertoire. Activation and 
propagation of a lymphocyte clone enhances the 
corresponding specificity - and allows the immune system 
to respond quickly and strongly toward the antigen . 

15 The immune system cells 

The cells of the immune system include the following: 
Lymphocytes are a type of white blood cells found in the 
blood and many other parts of the body. Types of 
lymphocytes include B-cells, T-cells, and Natural Killer 

20 (NK) cells. 

The B- and T-cells recognise and respond specifically to 
aberrant substances, thus being a part of the specific 
immune sy s t em . 

25 

B-cells (B- lymphocytes) mature into plasma cells that 
secrete antibodies (immunoglobulins) , the proteins that 
recognise and attach to foreign substances known as 
antigens. Each type of B-cell produces one specific 
3 0 antibody, which recognises one specific epitope on the 
antigen. 

The T-cells recognise and respond towards aberrant 
substances by interaction with antigen presenting cells 
35 (APC) that display antigens in form of ^"^non-self" (or 
aberrant) peptides in context of MHC molecules. Each T- 
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cell clone expresses one iinique specificity of T-cell 
receptors (TCR) , which recognise one specific peptide/MHC 
epitope . 

5 T-cells comprise two major subpopulations . Cytolytic T- 
cells directly attack infected, foreign, or cancerous 
cells displaying foreign or aberrant forms of endogenous 
peptides in context of MHC Class I molecules (described 
below) . ^^Helper'' T-cells that are activated by foreign 
10 exogenous peptides in MHC Class II molecules, contribute 
to regulation of the immune response by signalling other 
immune system defenders. T-cells also work by producing 
proteins called lymphokines. 

15 NK cells produce powerful chemical siibstances that bind 
to and kill any foreign invader. They attack without 
first having to recognise a specific antigen, thus being 
an immune cell type that also relate to the innate immune 
system. 

20 

Monocytes are white blood cells that are able to swallow 
and digest microscopic organisms and particles in a 
process known as phagocytosis and antigen processing. 
Dendritic cells (DC) are of particular interest as they 
25 present peptide epitopes in a '^professional way'' which 
leads to effective activation of T-cells. The 
professional APC express a variety of co-stimulatory 
molecules that ligate with a variety of counter receptors 
expressed on the T-cells. 

30 

Cells in the immune system secrete two types of proteins, 
namely antibodies and cytokines. Specific antibodies 
match epitopes on specific antigens, fitting together 
much the way a key fits a lock. Conventional vaccine 
35 approaches, in particular, work through activation of 
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helper T-cells and B-cells leading to secretion of 
antigen specific antibodies. 

Cytokines are substances produced by some immune cells to 
5 communicate with other cells. Types of cytokines include 
lymphokines, interferons, interleukins, and colony- 
stimulating factors . 

Antigen- recognition by B- and T-cells 

10 B- and T-cells use entirely different mechanisms to 
recognise their targets. B-cells recognise soluble 
antigens, and since they can secrete their receptors as 
antibodies, they can potentially interact with antigen 
throughout the fluid phase of the extra- cellular space. 

15 In sharp contrast, the T-cell receptor is always membrane 
bound and it only recognises antigen, which is presented 
on the membrane of an antigen-presenting cell (APC) . In 
other words, T-cell recognition involves a direct 
physical interaction between two cells, a T-cell and an 

20 APC. B- and T-cells also differ with respect to what they 
recognise. B-cells can recognise organic substances of 
almost any kind, whereas T-cells predominantly recognise 
proteins (as a biological target, proteins are 
particularly important since they constitute the struc- 

25 tural and functional basis of all life) . B-cells 
recognise the three-dimensional structure of proteins as 
illustrated by their ability to distinguish between 
native and denatured proteins. In contrast, T-cells 
cannot distinguish between native and denatured proteins. 

3 0 Today, we know that T-cells only recognise antigenic 
peptides presented in association with MHC molecules on 
the surface of APC s . In general, cytotoxic T-cells 
recognise short peptides (corresponding in general to 8- 
11 residues) , the amino and carboxy- termini of which are 

3 5 deeply embedded within the MHC Class I molecule (i.e. the 
peptide length is restricted) . In comparison, helper T- 
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cells tend to recognise longer peptides (corresponding in 
general to 13-3 0 residues) with amino and carboxy 
terminal ends extending out. of the MHC Class II molecule. 

5 MHC restriction and T-cell immunity 

T-cells determine the reactivity and specificity of the 
adaptive immune system, including the activity of B- 
cells. It is therefore appropriate to focus the attention 
on these cells. T-cells can only recognise a given 

10 antigen, when it is presented in the context of a 
particular MHC molecule. They are ^^educated" during 
ontogeny and further activated during the first priming 
in processes designed to develop T-cells carrying 
receptors specific for a particular antigen-MHC molecule 

15 combination- These T-cells are subsequently only able to 
recognise the same antigen-MHC molecule combination. This 
phenomenon is known as ^""MHC restriction'''. Another immune 
phenomenon - that of ^'responder status''- is also 
determined by the MHC molecules . Individuals of one MHC 

2 0 haplotype will respond to some antigens, and not to 

others. Other individuals with other MHC haplotypes will 
respond differently. These two phenomena are of obvious 
importance for any rational immune manipulation. As 
mentioned, we now know that MHC molecules control them 
25 both. These molecules have specifically evolved for the 
purpose of antigen presentation. Our current under- 
standing of antigen presentation can be summarised as 
follows. Firstly, the foreign substance, the antigen, is 
taken up by APCs. An intracellular pool of antigenic 

3 0 peptides is generated through proteolytic fragmentation 

of all the protein available to the cell (which may 
include both normal cell proteins (^'self -proteins") and 
antigens ('^non-self proteins") from infective organisms. 

3 5 This pool of peptides is offered to the MHC molecules of 
the individual and sampled according to length and 
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sequence; some are bound, while others are ignored (the 
MHC molecule is said to perform ^determinant selection"') . 
Subsequently, MHC molecules protect the selected peptides 
against further degradation, transport them to the 
5 surface of the APC and display them for T-cell scrutiny. 
Antigenic peptides from ^^non-self proteins" are, in 
contrast to peptides from ''^self -proteins", recognised by 
T-cells that consequently may become activated. 

10 A plurality of receptors are involved in antigen specific 
activation of immune cells 

Several ligand- receptor interactions related to control 
this network of cells are complex, in comparison to more 
^^conventional" ligand-receptor models comprising simple 
15 hormone -receptor interaction e.g. insulin and IR. 

For example, full activation of T-cells acquires 
simultaneous signalling through a variety of receptors in 
addition to TCR signalling. The binding energy yielded 

2 0 from ligation of multiple membrane molecules expressed on 
APC and T-cells, ensure a close physical contact between 
the involved cells. One of the most important additional 
receptors related to activation of T-cells is CD2 8 
molecules, which bind proteins of the B7 family expressed 

25 on professional APCs . Other known examples of regulatory 
receptors expressed on T-cells are a variety of NK 
receptors (NKR) , which comprise both inhibitory and 
activating isoforms. The balance between expressed forms 
of activating and inhibiting NKRs is believed to 

30 determine a threshold for activation of specific T-cells. 

It has recently been reported that molecular interactions 
between many of the receptors and ligands involved in 
this cellular interplay, including TCR and MHC molecules, 
35 are unstable i.e. of low affinity. By example, it has 
been measured that monovalent MHC molecule -TCR 
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interaction has an affinity constant of Kd = 10 ]iM with a 
dissociation constant less than a minute. Molecular 
interaction of CD28 and B7 protein has an affinity- 
constant of same level. In comparison, the stability and 
5 affinity of complexes formed by high-affinity 
interactions e.g. hormone ligand-receptor binding 
(insulin/IR) and antibody- antigen binding, are 
significantly higher (affinity constant Kd in the range 
of 0 .1-10 nM) . 

10 

The plurality of proteins related to activation of T- 
cells do, however, not only stabilise cellular contact 
between APC and T-cells, they also contribute to a 
variety of signalling events required for activation of 

15 T-cells. It is : orchestrated actions of these signalling 
events that determine the activation of T-ucells. For 
example, it has been shown that naive cytolytic T-cells 
require at least two signals for activation. The first 
signal is delivered through ligation of MHC molecules 

20 (expressed on APCs) to TCRs on T-cells. The second signal 
is delivered through co-stimulatory molecules from e.g. 
B7 protein family, which ligate with the CD28 receptor on 
T-cells . 

25 MHC molecule and antigen presentation: a port to the 
specific immune system 

The genes located in the human MHC locus (HLA locus) 
encode a set of highly polymorph membrane proteins that 
sample peptides in intracellular compartments and present 

3 0 such peptide epitopes on surfaces of antigen presenting 
cells (APC) to scrutinising T-cells. The extensive 
genetic polymorphism of the MHC locus is the background 
for the unique genetic finger print of the immune system 
in individuals and defines the repertoire of antigenic 

3 5 peptide epitopes which the human population is capable of 
recognising and respond to. 
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Two subtypes of MHC molecules exist, MHC Class I and II 
molecules. These subtypes correspond to two subsets of T- 
lymphocytes : 1) CD8+ cytotoxic T-cellS/ which usually 
5 recognise peptides presented by MHC Class I molecules, 
and kill infected or mutated T- cells, and 2) CD4+ helper 
T-cells, which usually recognise peptides presented by 
MHC Class II molecules, and regulate the responses of 
other cells of the immune system- MHC Class I molecules 

10 consist of a 43,000 MW transmembrane glycoprotein (the a 
chain) non-covalently associated with a 12,000 MW non- 
glycosylated protein (the light (P) chain, also known as 
(32-niicroglobulin) . MHC Class II molecules have an overall 
structure similar to MHC Class I molecules although the 

15 domain distribution is different. The MHC Class II , 
molecule consists of two non-covalently associated trans- 
membrane glycoproteins of approximately 34,000 and .29, 000 
MW. The detailed structures of MHC Class I and II 
molecules have been solved at the X-ray crystallography 

2 0 level by e.g. Bjorkman et. al. (ref- 8) . The most 
interesting part of the MHC molecule structure is the 
^^upper'' part that shows a unique peptide-binding groove 
consisting of two alpha helixes forming the walls of the 
groove and eight beta-pleated sheaths forming the floor 

2 5 of the groove. 

The peptides are the essential target structures in 
recognition of ^^non-self by the adaptive immune system 
and, one could say, the group of MHC molecules comprises 

3 0 a port to the immune system, thus being a major player in 

determining penetrance and spreading of human diseases - 
MHC molecules of other higher vertebrate species exert 
identical biological functions as those of HLA in man. 

3 5 The MHC locus is extremely polymorphic i.e. many 
different versions (alleles, allotypes) exist in the 
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population, but each individual has only inherited two of 
these (one from the father and one from the mother) . It 
is also polygenic i-e. several MHC encoding loci exist in 
the genome allowing for simultaneous expression of 
5 several isotypes- Importantly, the majority of the 
polymorphic residues points towards the peptide binding 
groove affecting its size, shape and functionality as 
described by e.g. Matsumura et al (ref. 9). Peptide -MHC 
interactions are specific, albeit broad, allowing the 

10 binding of many unrelated peptides to each MHC allotype. 
The polymorphism dictates the specificity of peptide 
binding and the biological consequence of this is that 
each individual in the population educates and shapes a 
unique T-cell repertoire. 

15 . . 

A variety of relatively invariant MHC Class I molecule 
like molecules have been identified. This group comprise 
CDld, HLA E, HLA G, HLA H, HLA F, MIC A, MIC B, ULBP-1, 
ULBP-2, and ULBP-3 . These non-classical molecules have a 

2 0 tissue distribution and functions distinct from HLA A, B 

and C. Some of them comprise only a heavy chain protein 
i.e. do not associate with molecules and peptides. As 

described previously, the immune responses develop from 
an orchestral interplay of antigen-processing/presenting 
25 cells and effector cells. 

Monomer and soluble forms of cognate as well as modified 
MHC molecules e.g. single chain protein with peptide, 
heavy and light chains fused into one construct, have 
30 been produced in bacteria as well as eucaryotic cells. 
Recent advances in recombinant technology and In -vitro 
protein folding methods have provided efficient protocols 
for large-scale production of multimeric MHC molecules, 
which bind with high avidity to appropriate T-cell 

3 5 receptors. 
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NK cells and MHC molecules 

NK cells remained mysterious until recently. These cells 
were defined by their ability to lyse certain tumours in 
the absence of prior stimulation. Recent reports have 
5 however shown that NK cell activity is regulated by a 
number of ligands including MHC molecule (ref . 5) . NK 
cells recognise MHC Class I molecules through surface 
receptors that deliver an inhibitory signal. Thus, NK 
cells may lyse target cells that have lost expression of 

10 MHC molecules. It is well known that tumour cells often 
reduce or loose their expression of MHC molecules 
presumably due to a selective pressure from cytotoxic T- 
cells that recognise tumour associated antigens 
(peptides) in context of MHC molecules. The ability of NK 

15 cells to discriminate between normal and tumour cells is- 
then explained by the ^^missing-self hypothesis" by 
Ljunggren et.al (ref. 6). However, NK cells are not 
simply equipped with receptors that recognise a broad 
spectrum of MHC molecules. The complexity of NK receptors 

2 0 is also reflected by expression of different isoforms, 
some of which are activating whereas others are 
inhibitory. Interestingly, 5-10% of the (alpha beta) T- 
cells also express different NK receptors such as KIR, 
ILT or CD94/NKG2, which belong to the inhibitory-receptor 

25 superfamily. Such receptors may serve to raise the 
activation threshold for cellular immune responses (ref. 
7) . 

The balances between stimulating and inhibitory receptors 
30 presumably control the activation of T- and NK cells. 
Some of the different NK receptors expressed on NK and T- 
cells recognise broader specificity of MHC Class I 
molecules, whereas others recognise more rarely expressed 
allelic determinants. Thus, the MHC molecules may be 
35 involved in both stimulation and inhibition of specific 
immune responses . 
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The T"cell receptor 

The T-cell receptor, a member of the immunglobulin super- 
family, consists of two non-covalently associated trans- 
5 membrane glycoproteins (^^a'' and ^^P'' chains) of approxi- 
mately 30,000 MW; each comprising two extra-cellular 
domains . The two chains form a dimmer, which associate 
with a larger protein complex, CD3 . The detailed 
structures of TCR in association with MHC Class I 
10 molecules have been solved at the X-ray crystallography 
level. Recombinant forms of soluble TCRs (consisting of 
extracellular domains) have been produced in bacteria and 
eucaryotic cells. 

15 The specific interplay of specific TCR ligands i.e. 
immunogenic peptide/HLA complexes and specific T-cell 
receptors results in ligand induced formation of a 
signalosome composed by the TCR/CD3 complex and its 
interplay with intracellular pools of tyrosine kinases 

20 (Ick, Fyn, Syk, Zap-70) and adaptors (LAT, TRIM and Grp2) 
(ref. 4). As described above, the TCRs are expressed 
clonally and only appropriate peptide specific MHC 
complexes can elicit an immune response. 

25 To summarise, one could say that individual T-cell clones 
^^taste" on tiny fragments from the outer and inner world 
through interplay of specific T-.cell receptors and their 
natural ligands ; the peptides in context of HLA 
molecules. The T-cells require, however, additional 

3 0 ligands (one could say compounded ligands) which - in a 
concerted action with HLA molecules - provide appropriate 
signals for T-cell activation . 

Co- stimulatory molecules 
35 The adaptive immune responses require two signals for 
initial activation: one signal provided through the 
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binding of peptide-MHC on the antigen presenting cell 
(APC) to the T-cell receptor (TCR) , and a second antigen- 
independent signal called co-stimulation. CD28 is a 
membrane receptor on T-cells that provides co-stimulatory 
5 function when T-cells encounter APCs that express CD28 
ligands, B7-1 (CD80) of B7-2 {CD86) . The functions of 
CD28 are predominantly to influence signals initiated 
through the TCR, which results in qualitative and 
quantitative changes in the cascade of events leading to 

10 proliferation, cytokine production, and cell survival. 
Triggering of naive T-cells without the co-stimulatory 
signal may render the T-cells functionally unresponsive 
(anergy, apoptosis) . CD28 induces greater proliferation 
of CD4+ T-cells compared with CD8+ T-cells. Other members 

15 of the CD2 8 immunoglobulin (Ig) superfamily such as 
includes inducible co- stimulator (ICOS) provides co- 
stimulatory signals on activated CD4+ and CD8+ T-cells to 
enhance their proliferation. 

2 0 Lymphocyte responses are regulated by inhibitory as well 
as activating signals. CTLA-4 and PD-1 mediated such 
inhibitory signals. CTLA-4 has higher affinity for shared 
ligands B7-1 and B7-2 compared with CD2 8, and it is up- 
regulated upon TCR-CD28 engagement. PD-1 appears to 

25 mediate an inhibitory signal, and it is widely expressed 
on hematopoietic-derived tissues and on activated T- 
cells. Interleukin-2 and co- stimulatory signals are the 
two most important factors required for maintenance of 
continuous cell division. 

30 

Although CD28 provides a critical co-stimulatory signal 
on naive T-cells, other co- stimulatory molecules in the 
tumour necrosis receptor (TNFR) superfamily, such as 4- 
IBB (CD137) , CD27 and OX40 (CD134) , provides co- 
35 stimulatory signals on activated T-cells to orient the 
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quality of T-cell response towards cell survival or 
apoptosis . 

Some CD8+ effector T-cells lack CD28 expresion. However, 
5 these cells the lectin-like NKG2D homo-dimer, a receptor 
for the MHC Class I -like molecules called MIC. NKG2D 
serves as a co- stimulatory molecule for CD28-CD8+ T-cells 
and with combined triggering of TCR/CD3 complexes induced 
IL-2 and T-cell proliferation. Expression and function of 

10 NKG2D are selectively up-regulated by the cytokine IL-15. 
Human NKG2D is expressed on gamma, delta T-cells, CD8-f T- 
cells, NK cells, and a small subset of CD4+ T-cells, The 
stress- induced MIC A and MIC B molecules are expressed in 
the intestinal epithelium as well as in diverse tumours 

15 of epithelial origin, NK cells are able to re ject . tumours 
expressing MHC Class I molecules if the tumour expresses 
a ligand for NKG2D, i.e. MIC A or MIC B. A family of 
receptors (NKp46, NKpBO, NKp44) termed natural 
cytotoxicity receptors (NCR) expressed on NK cells are 

2 0 involved in NK-mediated lysis of various tumours. 

Cytokines 

As mentioned above, cytokines are play an important role 
in the communication between cells. The group of 
25 cytokines comprise 

Interfex^ons (IFN) : Interferons are types of cytokines 
that occur naturally in the body. There are three major 
types of interferons; interf eron-alpha, interf eron-beta, 

3 0 and interf eron-gamma . Interferons stimulate NK cells, T- 

cells, and macrophages, boosting the immune system's 
function. 

Interleukins : Like- interferons, inter leukins are 
3 5 cytokines that occur naturally in the body and can be 
made in the laboratory. Many interleukins have been 
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identified; interleukin-2 (IL-2) has been the most widely- 
studied in cancer treatment. IL-2 stimulates the growth 
and activity of many immune cells, such as lymphocytes. 
Colony-stimulating factors (CSFs) (sometimes called 
5 hematopoietic growth factors) usually stimulate bone 
marrow cells to divide and develop into white blood 
cells, platelets, and red blood cells. Bone marrow is 
critical to the body's immune system because it is the 
source of all blood cells - 

10 

Therapy and vaccine approaches for manipulation of immune 
responses 

Biological therapy (immunotherapy, bio therapy, or 
biological response modifier therapy) is a relatively new 
15 type .of treatment and based on knowledge of cellular and 
molecular mechanism underlying activation of the human 
immune system. For example, the immune system may 
recognise the difference between healthy cells and cancer 
cells in the body and work to eliminate those that become 

2 0 cancerous. Biological therapies use the body's immune 

system, either directly or indirectly, to fight cancer or 
to lessen the side effects that may be caused by some 
cancer treatments. An important goal of such 
immunotherapy is boosting of killing power of immune 
25 system cells by stimulation of appropriate effector 
cells, such as T-cells. 

Cancer ^Vaccines'' are a form of biological therapy. 
Conventional vaccines for infectious diseases, such as 

3 0 measles, mumps, and tetanus, are effective because they 

expose the immune system to weakened versions of the 
disease. This exposure causes the immune system to 
respond by producing antibodies. Once the immune system 
has created antibodies, some of the activated immune 
35 cells remember the exposure. Therefore, the next time the 
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same antigen enters the body, the immune system can 
respond more readily to destroy it. 

For cancer treatment, researchers are developing vaccines 
5 that may encourage the immune system to recognise cancer 
cells. These vaccines may help the body reject tumours 
and prevent cancer from recurring. In contrast to 
vaccines against infectious diseases, cancer vaccines are 
designed to be injected after the disease is diagnosed, 

10 rather than before it develops. By example, it has been 
shown that immunisation with DCs loaded with appropriate 
peptides from tumour associated antigens (TAAs) stimulate 
^^tumour specific" T- cells, which in some patients prevent 
further progression of the disease and eventually lead to 

15 regression of the disease. This, approach takes advantage 
of the ^^professional pathway" of antigen processing/ - 
presentation performed by DCs. In contrast, injection of 
soluble tumour TAAs or soluble MHC molecules comprising 
appropriate peptides from TAAs have only proven a limited 

2 0 or no effect, presumably due to low efficacy of antigen 

stimulation from soluble antigens. The low affinity as 
well as insufficient stimulation of specific T-cells may 
explain poor protection obtained by immunisation with 
soluble peptide/MHC molecule. Indeed, the low intrinsic 
25 affinity of essential ligand-receptor interactions has 
implied limited utilisation of soluble recombinant 
proteins for stimulation of specific T-cells. 

The present invention 

3 0 As evident from the above, MHC molecules play a very 

important role, and thus detection of cells recognising 
MHC molecules is of major importance and value. Likewise, 
several attempts have been made to manipulate the immune 
system in a controllable, efficient and consistent way. 
35 However, the success has been limited. Thus, finding 
substances for immunotherapy that actually works would be 
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a major step forward for the fight against a number of 
serious diseases for which we do not at present have a 
cure . 

5 By the present invention, powerful tools are provided. 
The present invention introduces certain poly-ligand 
compounds, which will be efficient i.a. in the field of 
diagnosis and therapy. 

The present invention is related to the major undertaking 
to generate compounds comprising MHC molecules to detect 
and analyse receptors on MHC recognising cells such as 
epitope specific T-cell clones or other immune competent 
effector cells. It is shown herein that the increased 
valences of compounds of. . the invention produce 
surprisingly higher avidity in comparison to oligo-valent 
complexes (tetramers) known from the prior art. This 
allows for quantitative analysis of even small cell 
populations by e.g. flow cytometry - 

The tetramers mentioned above are e.g. known from US 
5,635,363 by Altman et al . (ref. 10). In US 5,635,363, 
multimeric binding complexes comprising two or more MHC 
molecules with peptides attached to a multivalent entity 
are described. The number of MHC molecules is preferably 
four, thus, forming a tetramer. The multivalent entity is 
preferably streptavidin or avidin. 

The potential and value of the present invention is 
3 0 obvious, as several reports have demonstrated lack of 
correlation between T-cell reactivity in peripheral blood 
and the course of neoplastic diseases (e.g. ref. 11). For 
instance, analysis of T-cell activity in tumour tissues 
as well as lymphatic tissues may provide better insights 
3 5 on immunity toward solid tumours. 



15 
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Combining the growing genome databases of primary protein 
sequences of humans and parasites with the knowledge of 
how the immune system handles the molecular information 
provided by appropriate ligands will lead to new and 
5 powerful strategies for development of curative vaccines. 
This in turn will improve the possibilities for directed 
and efficient immune manipulations against diseases 
caused by tumour genesis or infection by pathogenic agent 
like viruses and bacteria. HIV is an important example. 

10 The ability to generate and ligate recombinant MHC 
molecules or a variety of mixed ligands to carrier 
molecules as envisaged by the present invention, will 
enable a novel analytical tool for monitoring immune 
responses and contribute to a rational platform for novel 

15 therapy and ^^vaccine'' applications. Therapeutic 
compositions (^Vaccines") that stimulate specific T-cell 
proliferation by peptide-specif ic stimulation is indeed a 
possibility within the present invention. Thus, 
quantitative analysis and ligand-based detection of 

20 specific T-cells that proliferate by the peptide specific 
stimulation should be performed simultaneously to monitor 
the generated response. Effective methods to produce a 
variety of molecules from the group of highly polymorphic 
human HLA encoded proteins would lead to advanced 

25 analyses of complex immune responses, which may comprise 
a variety of peptide epitope specific T-cell clones. The 
high avidity-based flow cytometry and tissue-staining 
approaches from the state of art technology disclosed 
herein will add significantly to the development of such 

30 advanced analysis of T-cell responses. 

The MHC molecule constructs of the present invention 
One of the benefits of the MHC molecule constructs of the 
present invention is clearly that the MHC molecule 
3 5 constructs overcome low intrinsic affinities of monomer 
ligands and counter receptors. It should be noted, 
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however, that such MHC molecule constructs may have a 
large variety of applications that include targeting of 
high affinity receptors (e.g. hormone peptide receptors 
for insulin) on target cells. Taken together poly-ligand 
5 binding to target cells does have practical, clinical and 
scientifically uses of immediate commercial interest. 

Thus, the present invention provides constructs of MHC 
molecules, which present multi-valent binding sites for 
10 MHC recognising cells. The constructs of the present 
invention have highly advantageous properties and are an 
important tool with a broad range of valuable uses . 

Thus, in a first aspect, the present invention relates to 
15 MHC molecule construct comprising a carrier molecule 
having attached thereto one or more MHC molecules, said 
MHC molecules being attached to the carrier molecule 
either directly or via one or more binding entities. 

2 0 ^^One or more'' as used everywhere herein is intended to 

include one and a plurality. 

This applies i.a. to the MHC molecule and the binding 
entity. The carrier molecule may thus have attached 
25 thereto a MHC molecule or a plurality of MHC molecules, 
and/or a binding entity or a plurality of binding 
entities . 

plurality" as used everywhere herein should be 

3 0 interpreted as two or more. 

This applies i.a. to the MHC molecule and the binding 
entity. 

3 5 When a plurality of MHC molecules is attached to the 
carrier molecule , the number may only be limited by the 
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capacity of the carrier molecule or the binding entity, 
as the case may be. The number of binding entities may 
only be limited by the capacity and nature of the carrier 
molecule . 

5 

Depending on the use of the MHC molecule constructs of 
the present invention, the construct as such can be 
provided in soluble or non- soluble form by carefully 
selecting the carrier molecule- Both the soluble and the 
10 non-soluble format display the advantageous properties . 

As used everywhere herein, the term ^'^a", ^'^an" or ^^the'' is 
meant to be one or more, i.e. at least one. 

15 ^'MHC molecule construct'' and ^^MHC constructs" may be used 
interchangably herein. 

By the term ^'MHC molecule''' as used everywhere herein is 
meant such molecule, which is capable of performing at 

20 least one of the functions attributed to said molecule. 
The term includes both classical and non-classical MHC 
molecules. The meaning of ^^classical'' and ^'non-classical'''' 
in connection with MHC molecules is well known to the 
person skilled in the art. Non-classical MHC molecules 

25 are subgroups of MHC-like molecules. The terms "^^MHC 
molecule''', and '""MHC" are used interchangeably herein. 
Thus, term ^^MHC molecule'^ is further intended to include 
MHC Class I molecules, MHC Class II molecules, as well as 
MHC-like molecules (both Class I and Class II) , including 

3 0 the subgroup non-classical MHC Class I and Class II 
molecules . 

A ''MHC Class I molecule'' as used everywhere herein is 
defined as a molecule which comprises 1-3 subunits, 
35 including a heavy chain, a heavy chain combined with a 
light chain (Pam) , a heavy chain combined with a light 
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chain (p2Tn) through a flexible linker, a heavy chain 
combi^ned with a peptide, a heavy chain combined with a 
peptide through a flexible linker, a heavy chain/P2ni 
ditner combined with a peptide, and a heavy chain/P2m 
5 dimer with a peptide through a flexible linker to the 
heavy or light chain. The MHC molecule chain may be 
changed by substitution of single or by cohorts of native 
amino acids or by inserts, or deletions to enhance or 
impair the functions attributed to said molecule , By 
10 example, it has been shown that substitution of XX with 
YY in position nn of human enhance the biochemical 

stability of MHC Class I molecule complexes and thus may 
lead to more efficient antigen presentation of 
subdominant peptide epitopes . 

15 

A ""^MHC Class II molecule''' as used everywhere herein is 
defined as a molecule which comprises 2-3 subunits 
including an a-chain and a (J-chain (a/p-dimer) , an a/p 
dimer with a peptide, and an a/p dimer combined with a 

20 peptide through a flexible linker to the a or P chain, an 
a/p dimer combined through an interaction by affinity 
tags e.g. jun-fos, an a/p dimer combined through an 
interaction by affinity tags e.g. jun-fos and further 
combined with a peptide through a flexible linker to the 

2 5 a or p chain. The MHC molecule chains may be changed by 
substitution of single or by cohorts of native amino 
acids or by inserts, or deletions to enhance or impair 
the functions attributed to said molecule. 

30 MHC Class I like molecules (including non-classical MHC 
Class I molecules) include CDld, HLA E, HLA G, HLA F, HLA 
H, MIC A, MIC B, ULBP-1, ULBP-2, and ULBP-3 . 

MHC Class II like molecules (including non-classical MHC 
35 Class II molecules) include HLA DM, HLA DO, I-A beta2 , 
and I-E beta2 . 
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A ^^peptide free MHC Class I molecule'' as used everywhere 
herein is meant to be a MHC Class I molecule as defined 
above with no peptide. 

5 

A ^^peptide free MHC Class II molecule'' as used everywhere 
herein is meant to be a MHC Class II molecule as defined 
above with no peptide. 

10 Such peptide free MHC Class I and II molecules are also 
called ^^empty" MHC Class I and II molecules. 

The MHC molecule may suitably be a vertebrate MHC 
molecule such as a human, a mouse, a rat, a porcine, -a 
15 bovine or an avian MHC molecule. Such MHC molecules from 
different species have different names. E.g. in humans, 
MHC molecules are denoted HLA. The person skilled in the 
art will readily know the name of the MHC molecules from 
various species. 

20 

In general;. the term ^^MHC molecule" is intended to 
include alleles. By way of example, in humans e.g. HLA A, 
HLA B, HLA C, HLA D, HLA E, HLA F, HLA G, HLA H, HLA DR, 
HLA DQ and HLA DP alleles are of interest, and in the 
25 mouse system, H-2 alleles are of interest. Likewise, in 
the rat system RTl-alleles, in the porcine system SLA- 
alleles, in the bovine system BoLA, in the avian system 
e.g. chicken-B alleles, are of interest. 

3 0 The definition of the MHC molecule construct of the 
present invention enables various valuable possibilities 
as regards the MHC molecules. Thus, examples of valuable 
MHC molecule constructs are such 

3 5 wherein at least two of the MHC molecules are different, 
wherein the MHC molecules are the same. 
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wherein at least two of the peptides harboured by the MHC 
molecules are different, 

wherein the peptides harboured by the MHC molecules are 
the same , 

5 wherein the peptides harboured by the MHC molecules are 
chemically modified or synthesised to contain not natural 
amino acids, or to contain hydrophilic or hydrophobic 
groups , 

wherein the peptides harboured by the MHC Class I 
10 molecules are linked to the MHC Class I heavy chain by a 
flexible linker, 

wherein the peptides harboured by the MHC Class I 
molecules are linked to the MHC Class I light chain (P2m) 
by a flexible linker, 
15 wherein the peptides, are harboured by MHC Class I 
molecules comprising MHC Class I heavy chain in 
association with a light chain (Pam) by a flexible 
linker, 

wherein the peptide harboured by the MHC Class II 

2 0 molecules are linked to the alpha-chain by a flexible 

linker, 

wherein the peptide harboured by the MHC Class II 
molecules are linked to the p-chain by a flexible linker, 
wherein the MHC Class I molecules are mutated, 
25 wherein the MHC Class II molecules are mutated. 

The above list is not exhaustive in any way, but out- 
lines a number of valuable possibilities. 

3 0 In particular, if the peptides harboured by a plurality 

of MHC molecules are different from each other, such may 
be used to detect several types of MHC recognising cells 
simultaneously. This can be achieved either by employing 
one MHC molecule construct with MHC molecules filled with 
35 different peptides, or by employing several MHC molecule 
constructs, where each MHC molecule construct have MHC 
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molecules with the same type of peptide, e.g. one MHC 
molecule construct displaying one peptide, and another 
MHC molecule construct displaying another peptide. 

5 In one embodiment of the MHC molecule constructs of the 
present invention, the one or more MHC molecules are 
attached to the carrier molecule directly. In another 
embodiment, the one or more MHC molecules are attached to 
the carrier molecule via one or more binding entities. 

10 

When the MHC molecules are attached via one or more 
binding entities, each binding entity suitably has 
attached thereto from 1 to 10, such as from 1 to 8, from 
1 to 6, from 1 to 4, from 1 to 3 , or 1 or 2 MHC 
15 molecules. However, it is to be understood that the 
possible number of MHC molecules depends on the binding 
entity in question (i.e. how many MHC molecules that can 
be attached) . Thus, by choosing the binding entity 
carefully, it may be possible to attach more than 10 MHC 

2 0 molecules to each binding entity. However, it is to be 

understood that this number may be the average number of 
MHC molecules attached to each binding entity. Thus, the 
number of MHC molecules may be evenly or unevenly 
distributed on the binding entity as the MHC molecule 
25 constructs are most often made and purified with a 
certain desired weight distribution. Thus, the average 
number needs not be an integer, but but can be anything 
between two integers (i.e. a decimal number), e.g. 2.8, 
4.7 or 5.3, to mention a few, non- limiting examples. 

30 

The total number of MHC molecules of the MHC molecule 
construct is in principle unlimited. Thus, the total 
number of MHC molecules of the construct may suitably be 
at least 4, at least 5, at least 6, at least 7, at least 

3 5 8, at least 9, at least 10, at least 12, at least 16, at 

least 20, at least 24, at least 28, at least 32, or at 
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least 64. In particular, the total number of MHC 
molecules of the construct may be within from 1 to 100, 
within from 1 to 95, within from 1 to 90, within from 1 
to 85, within from 1 to 80, within from 1 to 75, within 
5 from 1 to 70, within from 1 to 65, within from 1 to 60, 
within from 1 to 55, within from 1 to 50, within from 1 
to 45, within from 1 to 40, within from 1 to 35, within 
from 1 to 30, within from 1 to 25, within from 1 to 20, 
within from 1 to 15, within from 1 to 10, within from 1 

10 to 5, within from 1 to 4, within from 1 to 3, or 1 or 2. 
It is to be understood that the term ^^total number"' is 
intended to include MHC molecules attached to the carrier 
molecule via one or more binding entities as well as MHC 
molecules attached directly to the carrier molecule. 

15. However, it is to be understood that total this number 
may be the average number of MHC molecules attached. 
Thus, the number of MHC molecules may be evenly or 
unevenly distributed among a plurality of MHC molecule 
constructs. Thus, the average number needs not be an 

20 integer, but can be any number between two integers (i.e. 
a decimal number), e.g. 2 8.4, 44.5 or 57.2, to mention a 
few, non-limiting examples. 

The binding entity is any such suited for attachment of 

2 5 the MHC molecules, while rendering the MHC molecules 

capable of binding to MHC recognising cells. Examples of 
suitable binding entities are streptavidin (SA) and 
avidin and derivatives thereof, blot in, immunoglobulins, 
antibodies (monoclonal, polyclonal, and recombinant), 

3 0 antibody fragments and derivatives thereof, leucine 

zipper domain of AP-1 (jun and fos) , hexa-his (metal 
chelate moiety) , hexa-hat GST (glutathione S-tranf erase) 
glutathione affinity, Calmodulin-binding peptide (CBP) , 
Strep- tag. Cellulose Binding Domain, Maltose Binding 
35 Protein, S~Peptide Tag, Chitin Binding Tag, Immuno- 
reactive Epitopes, Epitope Tags, E2Tag, HA Epitope Tag, 
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Myc Epitope, FLAG Epitope, AUl and AU5 Epitopes, Glu-Glu 
Epitope, KT3 Epitope, IRS Epitope, Btag Epitope, Protein 
Kinase-C Epitope, VSV Epitope, lectins that mediate 
binding to a diversity of compounds, including 
5 carbohydrates, lipids and proteins, e.g. Con A {Canava.lia. 
ensifoirmls) or WGA (wheat germ agglutinin) and 
tetranectin or Protein A or G (antibody affinity) . 
Combinations of such binding entities are also comprised. 
Non- limiting examples are streptavidin-biotin and jun- 
10 fos. In particular, when the MHC molecule is tagged, the 
binding entity may be an ^'anti-tag". By ^'anti-tag" is 
meant an antibody binding to the tag and any other 
molecule capable of binding to such tag . 

15 , The number, density, and nature of the binding entities 
can vary for each carrier molecule. It is to be 
understood that the binding entity may be attached to the 
carrier molecule by a linker. Suitable linkers include 
Calmodulin-binding peptide (CEP) , GxHIS, Protein A, 

20 Protein G, biotin, Avidine, Streptavidine , Strep- tag. 
Cellulose Binding Domain, Maltose Binding Protein, S- 
Peptide Tag, Chit in Binding Tag, Immuno-reactive 
Epitopes, Epitope Tags, GST tagged proteins, E2Tag, HA 
Epitope Tag, Myc Epitope, FLAG Epitope, AUl and AU5 

25 Epitopes, Glu-Glu Epitope, KT3 Epitope, IRS Epitope, Btag 
Epitope, Protein Kinase-C Epitope, VSV Epitope. 

The one or more MHC molecules may suitably be attached to 
the binding entity by tags . Examples of tags are given 

30 above under the difinition of suitable binding entities. 
Thus, MHC molecules being recombinantly tagged or 
chemically tagged bind specifically to the binding entity 
due to high affinity. The recombinant tags of MHC 
molecules furthermore allow regio-specif ic attachment 

35 sites in the constructs. 
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The tags may be located at any part of the MHC molecule, 
but it is presently believed that the tags should 
preferably be located away from the cell binding part of 
the MHC molecule. 

5 

By way of example, a tagged MHC molecule could be a 
recombinant MHC fusion molecule consisting of MHC Class I 
heavy chain molecule and a C- terminal target peptide 
sequence for enzymatic mono-biotinylation. The C- terminal 

10 location of the affinity tag allows optimal exposure of 
the N- terminal cell binding part of the MHC molecule. It 
is presently believed that target sequences for 
biotinylation also may be located at P2m molecules. 
Chemically biotinylated MHC protein binds to- a 

15 streptavidin binding entity. Biotinylated MHC molecule 
binds to streptavidin with high affinity- The ratio of 
MHC molecules per streptavidin is theoretically 4:1 due 
to four biotin-binding sites in streptavidin complexes. 

2 0 In many applications, it will be advantageous that the 
MHC molecule construct further comprises one or more 
biologically active molecules. By the term ^'biologically 
active" is meant that the compound may affect the binding 
characteristics or the effects of the MHC molecule 

25 construct. As regards the terms ^^one or more", ^^a 
plurality", ^^a", ^^an", and ^^the", reference is made to 
the definitions above. Thus, the MHC molecule construct 
may comprise several biologically active molecules which 
may be the same or different. 

30 

Such biologically active molecules may in particular be 
selected from proteins, co-stimulatory molecules, cell 
modulating molecules, receptors, accessory molecules, 
adhesion molecules, natural ligands, and toxic molecules, 
35 as well as antibodies and recombinant binding molecules 
to any of the foregoing, and combinations thereof. 
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^""Recombinant binding molecules'' is intended to mean 
molecules such as peptide fragment prepared by 
recombinant technology, and which have the ability to 
mimic the activity (e.g. up -regulation or down- 
5 regulation) of natural molecules, or to inhibit or block 
the activity of natural molecules. 

The biologically active molecule may suitably be attached 
to the carrier molecule either directly or via one or 
10 more of the binding entities. 

In particular, the biologically active molecule may be 
selected from 

15 proteins such as MHC Class I -like proteins like MIC A, 
MIC B, CDld, HLA B, HLA F, HLA G', HLA H, ULBP-1, ULBP-2, 
and ULBP-3, 

co-stimulatory molecules such as CD2 , CD3 , CD4 , CD5, CDS, 
20 CDS, CD27, CD28, CDS 0 , CD69, CD134 (OX40) , CD137 (4-lBB) , 
CD147, CDwlSO (SLAM), CD152 (CTLA-4) , CD153 (CD30L), 
CD40L (CD154) , NKG2D, ICOS, HVEM, HL.A Class II, PD-1, Fas 
(CD95) , FasL expressed on T and/or NK cells, CD40, CD48, 
CD58, CD70, CD72, B7 . 1 (CD80) , B7 . 2 (CD86) , B7RP-1, B7" 
25 H3, PD-Ll, PD-L2, CD134L, CD137L, ICOSL, LIGHT expressed 
on APC and/or tumour cells, 

cell modulating molecules such as CD16, NKp3 0, NKp44, 
NKp46, NKpBO, 2B4 , KIR, LIR, CD94/NKG2A, CD94/NKG2C 
30 expressed on NK cells, IFN~alpha, IFN-beta, IFN-gamma, 
IL-1, IL-2, IL-3, IL-4, IL-6, IL-7, IL-8, IL-10, IL-11, 
IL-12, IL-15, CSFs (colony- stimulating factors), vitamin 
D3 , IL-2 toxins, cyclosporin, FK-506, rapamycin, TGF- 
beta, clotrimazole, nitrendipine, and charybdotoxin, 

35 
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accessory molecules such as LFA-1, CDlla/l8, CD54 (ICAM- 
1), CD106 (VCAM) , and CD49a,b,c,d,e,f/CD29 (VLA-4) , 

adhesion molecules such as ICAM-1, ICAM-2, GlyCAM-1, 
5 CD34, anti-LFA-1, anti-CD44, anti-beta7, chemokines, 
CXCR4, CCR5, ant i- select in anti- select in E, and anti- 
selectin P, 

toxic molecules selected from toxins, enzymes, 
10 antibodies, radioisotopes, chemi luminescent substances, 
bioluminescent substances, polymers, metal particles, and 
haptens, such as cyclophosphamide, methrotrexate, 
Azathiopr ine , mi zoribine , 15 - deoxuspergual in , neomycin , 
staurosporine , genestein, herbimycin A, Pseudomonas 
15 exotoxin A, saporin, Rituxan, Ricin, gemtuzumab 
ozogamicin, Shiga toxin, heavy metals like inorganic and 
organic mercurials, and FN18-CRM9, radioisotopes such as 
incorporated isotopes of iodide, cobalt, selenium, 
tritium, and phosphor, and haptens such as DNP, and 
20 digoxiginin, 

and combinations of any of the foregoing, as well as 

antibodies (monoclonal, polyclonal, and recombinant) to 

the foregoing, where relevant. Antibody derivatives or 
25 fragments thereof may also be used. 

In order to enable easy detection of the binding of the 
MHC molecule construct to MHC recognising cells, the 
construct may be labelled. Thus, in another aspect, the 

3 0 present invention relates to a MHC molecule construct as 
defined above further comprising one or more labelling 
compounds. The definition of the terms ^'one or more'% ^'a 
plurality'', ''a'', ^'an", and ^'the'' given above also apply 
here. A plurality of labelling compounds should 

35 everywhere be interpreted as two or more labelling 
compounds which may be the same or different. 
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In particular, 

one or more labelling compounds may be attached to the 
5 carrier molecule, or 

one or more labelling compounds may be attached to one or 
more of the binding entities, or 

one or more labelling compounds may be attached to one or 
more of the MHC molecules, or 

10 one or more labelling compounds may be attached to the 
carrier molecule and/or one or more of the binding 
entities and/or one or more of the MHC molecules, or 
one or more labelling compounds may be attached to the 
peptide harboured by the MHC molecule. 

15 .... 

In some applications, it may be advantageous to apply 
different MHC molecule constructs, either as a 
combination or in individual steps. Such different MHC 
molecule constructs can be differently labelled (i.e. by 

2 0 labelling with different labelling compounds) enabling 
visualisation of different target MHC recognising cells . 
Thus, if several different MHC molecule constructs with 
different labelling compounds are present, it is possible 
simultaneously to identify more than one specific 

25 receptor, if each of the MHC molecule constructs present 
a different peptide. 

The labelling compound is preferably such which is 
directly or indirectly detectable. 

30 

The labelling compound may be any labelling compound 
suitable for directly or indirectly detection. By the 
term ^Mirectly'' is meant that the labelling compound can 
be detected per se without the need for a secondary 
35 compound, i.e. is a ^^primary" labelling compound. By the 
term ^'indirectly'^ is meant that the labelling compound 
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can be detected by using one or more ^^secondary" 
compounds, i.e. the detection is performed by the 
detection of the binding of the secondary compound (s) to 
the primary compound. 

5 

The labelling compound may further be attached via a 
suitable linker. Linkers suitable for attachment to 
labelling compounds would be readily known by the person 
skilled in the art . 

10 

Examples of such suitable labelling compounds are 
fluorescent labels, enzyme labels, radioisotopes, 
chemi luminescent labels, bioluminescent labels, polymers, 
metal particles, haptens, antibodies, and dyes. 

15 

The labelling compound may suitably be selected 

from fluorescent labels such as 5- (and 6) -carboxy- 
fluorescein, 5- or 6-carboxyf luorescein, G- (fluorescein) - 

20 5- (and 5) -carboxamido hexanoic acid, fluorescein isothio- 
cyanate (FITC) , rhodamine, tetramethylrhodamine , and dyes 
such as Cy2, Gy3 , and Cy5 , optionally substituted 
coumarin including AMCA, PerCP, phycobiliproteins 
including R-phycoerythrin (RPE) and allophycoerythrin 

25 (APC) , Texas Red, Princeston Red, Green fluorescent 
protein (GFP) and analogues thereof, and conjugates of R- 
phycoerythrin or allophycoerythrin and e.g. CyS or Texas 
Red, and inorganic fluorescent labels based on 
semiconductor nanocrystals (like quantum dot and Qdot^** 

3 0 nanocrystals) , and time-resolved fluorescent labels based 
on lanthanides like Eu3+ and Sm3+, 

from haptens such as DNP, biotin, and digoxiginin, 

3 5 from enzymic labels such as horse radish peroxidase 
(HRP) , alkaline phosphatase (AP) , beta-galactosidase 
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(GAL) , glucose- 6 -phosphate dehydrogenase, beta-N-acetyl- 
glucosaminidase , ii -glucuronidase , invertase , Xanthine 
Oxidase, firefly lucif erase and glucose oxidase (GO) , 

5 from luminiscence labels such as luminol, isoluminol, 
acridinium esters, 1, 2-dioxetanes and pyridopyridazines, 
and 

from radioactivity labels such as incorporated isotopes 
10 of iodide, cobalt, selenium, tritium, and phosphor. 

Radioactive labels may in particular be interesting in 
connection with labelling of the peptides harboured by 
the MHC molecules . 

15 

As defined above, the MHC molecule constructs of the 
invention comprise a carrier molecule. The carrier 
molecule may be a soluble carrier molecule or a not 
soluble carrier molecule. The carrier molecule may be any 
20 such which enables attachment of the MHC molecules, the 
binding entities, and/or the biologically active 
compounds, while providing the advantageous properties of 
the construct . Examples of suitable carrier molecules are 

25 polysaccharides including dextrans, carboxy methyl 
dextran, dextran polyaldehyde , carboxymethyl dextran 
lactone, and cyclodextrins, 

pullulans, schizophyllan, scleroglucan, xanthan, gellan, 
3 0 O-ethylamino guaran, chitins and chitosans indlucing 6-0- 
carboxymethyl chitin and N- carboxymethyl chitosan, 

derivatised cellolosics including carboxymethyl 

cellulose, carboxymethyl hydroxyethyl cellulose, hydroxy- 
35 ethyl cellulose, 6-amino-6-deoxy cellulose and O-ethyl- 
amine cellulose. 
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hydroxylated starch, hydroxypropyl starch, hydroxyethyl 
starch, carrageenans , alginates, and agarose, 

5 synthetic polysaccharides including ficoll and carboxy- 
methylated ficoll, 

vinyl polymers including poly (acrylic acid), poly(acryl 
amides) , poly (acrylic esters) , poly (2 -hydroxy ethyl meth- 

10 acrylate) , poly (methyl methacrylate) , poly(maleic acid), 
poly(maleic anhydride) , poly(acrylamide) , poly (ethyl -co- 
vinyl acetate), poly (methacrylic acid), poly (vinyl- 
alcohol) , poly (vinyl alcohol-co-vinyl chloroacetate) , 
aminated poly (vinyl alcohol), and co block polymers 

15 thereof, 

poly ethylene glycol (PEG) or polypropylene glycol or 
poly (ethylene oxide -co -propylene oxides) containing 
polymer backbones including linear, comb- shaped or 
2 0 StarBurst™ dendrimers, 

poly amino acids including poly lysines, polyglutamic 
acid, polyurethanes, poly (ethylene imines) , pluriol. 

2 5 proteins including albumins, immunoglobulins, and virus - 

like proteins (VLP) , and 

polynucleotides, DNA, PNA, LNA, oligonucleotides and 
oligonucleotide dendrimer constructs . 

30 

Also included in this definition of the carrier molecule 
is mixed forms, i.e. a carrier molecule composed of one 
or more of the above examples . 

3 5 The choice of carrier molecule depends i.a. on the 

application of the MHC molecule construct, of course, 
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several parameters can be varied in the above -given 
examples of carrier molecules, including the length and 
branching. Furthermore, the carrier molecules may carry 
various substitutents, including such, which can be 
5 protected and/or activated, enabling further 
derivatisation . 

It is to be understood that the MHC molecule construct of 
the invention may further comprise one or more additional 

10 substituents . The definition of the terms ^^one or more"', 
^^a plurality", ^^a", ''''an'% and ^^the"' also apply here. Such 
biologically active molecules may be attached to the 
construct in order to affect the characteristics of the 
constructs, e.g. with respect to binding properties, 

15 effects, MHC molecule specificities, solubility, 
stability, or detectability . For instance, spacing could 
be provided between the MHC molecules, one or both 
chromophores of a Fluorescence Resonance Energy Transfer 
(FRET) donor/acceptor pair could be inserted, functional 

20 groups could be attached, or groups having a biological 
activity could be attached. 

The MHC molecule construct of the invention is preferably 
provided in soluble form. By ^^soluble form'' is meant that 

25 the construct is soluble in a suitable solvent 
C'^solubilising medium'') . However, the MHC molecule 
construct may also be provided in non- soluble form, e.g. 
dispersable form, in a suitable solvent. By ^Mispersable" 
is meant that the MHC molecule construct is dispersed, 

3 0 but solubilised, in the solvent. 

Examples of suitable solvents are water and various 
buffers such as acetate, ammonium sulphate, sodium 
chloride, CAPS, CHES, immidazole, PIPES, TAPS, TES, 
35 triethanolamine, MOPS, MES, HEPES, PBS, carbonate, THIS, 
borate containing buffers, as well as mixtures thereof. 
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Other suitable solvents include aqueous mixtures 
containing ethylene glycol, propylene glycol, NMP, DMSO, 
or DMF- 

5 Providing the MHC molecule construct in a solubilising 
medium makes the handling and storage easy. Furthermore, 
providing the MHC molecule construct in a solubilising 
medium facilitates the application of the MHC molecule 
constructs since the constructs can be prepared in a 
10 ^^ready-to-use" format for many applications. Also^ when 
applied in therapy, it may be advantageous that the MHC 
molecule construct is readily soluble in the body fluid, 
or is already solubilised prior to administration. 

15 In a number of applications, it may be advantageous 
immobilise the MHC molecule construct onto a solid or 
semi-solid support. Such support may be any which is 
suited for immobilisation, separation etc. Non-limiting 
examples include particles, beads, biodegradable 

20 particles, sheets, gels, filters, membranes (e. g. nylon 
membranes), fibres, capillaries, needles, microtitre 
strips, tubes, plates or wells, combs, pipette tips, 
micro arrays, chips, slides, or indeed any solid surface 
material. The solid or semi-solid support may be 

25 labelled, if this is desired. The support may also have 
scattering properties or sizes, which enable 
discrimination among supports of the same nature, e.g. 
particles of different sizes or scattering properties, 
colour or intensities. 

30 

Conveniently the support may be made of glass, silica, 
latex, plastic or any polymeric material . The support may 
also be made from a biodegradable material . 

3 5 Generally speaking, the nature of the support is not 
critical and a variety of materials may be used. The 
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surface of support may be hydrophobic or hydrophilic. 
Preferred are materials presenting a high surface area 
for binding of the MHC molecule constructs . Such supports 
may be for example be porous or particulate e.g. 
5 particles, beads, fibres, webs, sinters or sieves. 
Particulate materials like particles and beads , are 
generally preferred due to their greater binding 
capacity. Particularly polymeric beads and particles may 
be of interest . 

10 

Conveniently, a particulate support (e.g. beads or 
particles) may be substantially spherical. The size of 
the particulate support is not critical, but it may for 
example have a diameter of at least 1 pm and preferably 
15 at. least 2 jom^ and have a maximum diameter of preferably 
hot -more than 10 pm" and more preferably not more than 6 
pm. For example, particulate supports having diameters of 
2.8 pm and 4.5 pm will work well. 

20 An example of a particulate support is monodisperse 
particles, i.e. such which are substantially uniform in 
size (e. g. size having a diameter standard deviation of 
less than 5%) . Such have the advantage that they provide 
very uniform reproducibility of reaction. Monodisperse 

25 particles, e.g. made of a polymeric material, produced by 
the technique described in US 4,33 6,173 (ref. 25) are 
especially suitable. 

Non-magnetic polymer beads may also be applicable. Such 
3 0 are available from a wide range of manufactures, e.g. 
Dynal Particles AS, Qiagen, Amersham Biosciences, 
Serotec, Seradyne, Merck, Nippon Paint, Chemagen, 
Promega, Prolabo, Polysciences , Agowa, and Bangs 
Laboratories . 



35 
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Another example of a suitable support is magnetic beads 
or particles. The term ^^magnetic^' as used everywhere 
herein is intended to mean that the support is capable of 
having a magnetic moment imparted to it when placed in a 
5 magnetic field, and thus is displaceable under the action 
of that magnetic field. In other words, a support 
comprising magnetic beads or particles may readily be 
removed by magnetic aggregation, which provides a quick, 
simple and efficient way of separating out the beads or 

10 particles from a solution. Magnetic beads and particles 
may suitably be paramagnetic or superparamagnetic. 
Superparamagnetic beads and particles are e.g. described 
in EP 0 106 873 (Sintef, ref . 26) . Magnetic beads and 
particles are available from several manufacturers, e.g. 

15. Dynal Biotech ASA (Oslo, Norway, previously Dynal AS, 
e.g. Dynabeads®) . 

The support may suitably have a f unctionalised surface. 
Different types of f unctionalisation include making the 

2 0 surface of the support positively or negatively charged, 

or hydrophilic or hydrophobic. This applies in particular 
to beads and particles. Various methods therefore are 
e.g. described in US 4,336,173 (ref. 25), US 4,459,378 
(ref. 27) and US 4,654,267 (ref. 28). 

25 

The MHC molecule constructs of the present invention can 
be attached (immobilised) to the solid or semi-solid 
support by any method known in the art for attachment (or 
immobilisation) to supports. In particular, the MHC 

3 0 molecule constructs may be immobilised to the support by 

way of linkers, spacers or antibodies, or any combination 
thereof. Examples of suitable linkers include Calmodulin- 
binding peptide (CBP) , 6xHIS, Protein A, Protein G, 
biotin, Avidine, Streptavidine , Strep-tag, Cellulose 
35 Binding Domain, Maltose Binding Protein, S-Peptide Tag, 
Chitin Binding Tag, Immuno-reactive Epitopes, Epitope 
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Tags, GST tagged proteins, E2Tag, HA Epitope Tag, Myc 
Epitope, FLAG Epitope, AUl and AU5 Epitopes, Glu-Glu 
Epitope, KT3 Epitope, IRS Epitope, Btag Epitope, Protein 
Kinase-C Epitope, VSV Epitope, ^^zero length cross- 
5 linkers''' such as l-ethyl-3 O-dimethylaniinopropyl) - 
carbodiimide hydrochloride (EDAC) , homobi functional 
cross- linkers such as glutaric dialdehyde, disuccinimidyl 
suberate (DSS) dimethyl adipimidate dihydrochloride 
(DMA) , divinylfulf one (DVS) , or bismaleiraidohexane , and 

10 heterobif unctional cross-linkers such as 4-(N- 
Tnaleimidomethyl) cyclohexane-l-carboxyl hydrazide hydro- 
chloride (M2C2H) , sucGinimidyl-4- (N-maleirtiidoraethyl) 
(SMCC) , N-succinimidyl~3- (2~pyridyldithio) propionate 
(SPDP) , and N- (garama-maleimidobutyoryloxy) succinimide 

15 (GMBS) - Examples of suitable spacers include .multi- 
functional molecules such as diamine alkanes, dicarboxyls 
and dihydroxyls. The spacers may additionally include 
functionalities such as e.g. ethers, amides, and amines. 
Examples of suitable antibodies (polyclonal, monoclonal, 

2 0 recombinant) include antibodies directed against the 
carrier molecule and antibodies against the binding 
entity. It is to be understood that the MHC molecule 
constructs may be attached covalently or reversibly. By 
^^reversibly'' is meant that the attachment may be reversed 

25 such that the MHC molecule constructs can be liberated 
from the support. Examples of possible reversible linkers 
(e.g. molecules having an inserted amino acid sequence 
comprising an elastomeric peptide) are described in WO 
99/11661 (ref . 29) . 

30 

By way of example, if the carrier molecule is a dextran 
molecule, the MHC molecule construct may be immobilised 
using anti-dextran antibodies. By way of example, a PNA 
could be attached to the MHC molecule construct, and an 
35 anti-PNA antibody could be used for immobilisation. 
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It is to be understood that several or only one type of 
support may be applied at the same time. Likewise, a 
support may have immobilised thereto one or more MHC 
molecule constructs. As regards the definitions of ^^one 
5 or more"^ ^^a plurality'% ^""a'';- ^^an'% and ^^the", cf . above. 
The MHC molecule constructs immobilised onto the support 
may be the same or different. E.g. on type of MHC 
molecule construct may be immobilised to one type of 
support, and another type of MHC molecule construct to 
10 another type of support. In principle, the number of 
different MHC molecule construct is unlimited. 

Uses in which the MHC molecule constructs of the 
invention may suitably be provided in solubilised form 
15 include radio immune assay (RIA) , cell bound radioactive 
ligand assay, flow cytometry and ELISA. Such assays are 
readily known to the person skilled in the art as are the 
procedures, by which such are carried out. 

2 0 Uses in which the MHC molecule constructs of the 

invention may suitably be provided immobilised onto a 
solid or semi -solid support include flow cytometry, 
immunomagnetic separation techniques, ex vivo stimulation 
of cultured cells, aggregation techniques, lateral flow 
25 devices, ELISA, RIA and cell bound radio ligand assays. 

Thus, the present invention relates in particular to MHC 
molecule constructs as defined above for use in flow 
cytometric methods, histochemical methods, and 

3 0 cytochemical methods. Accordingly, the MHC molecule 

constructs of the invention are suited as detection 
systems . 

Methods employing the MHC molecule constructs of the 
3 5 invention 
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The MHC molecule constructs of the invention are a 
powerful tool in a broad range of in vitro or ex vivo 
methods • 

5 Thus, the present invention relates to methods for 
detecting the presence of MHC recognising cells in a 
sample comprising the steps of 

(a) providing a sample suspected of comprising MHC 
10 recognising cells, 

(b) contacting the sample with a MHC molecule construct 
as defined above, and 

(c) determining any binding of the MHC molecule 
construct, which binding indicates the presence of MHC 

15 recognising cells. 

Such methods are a powerful tool in diagnosing various 
diseases- Establishing a diagnosis is important in 
several ways. A diagnosis gives information about the 

20 disease, thus the patient can be offered a suitable 
treatment regime. Also, establishing a more specific 
diagnosis may give important information about a subtype 
of a disease for which a particular treatment will be 
beneficial (i.e. various subtypes of diseases may involve 

25 display of different peptides which are recognised by MHC 
recognising cells, and thus treatment can be targeted 
effectively against a particular subtype) . In this way, 
it may also be possible to gain information about 
aberrant cells, which emerge through the progress of the 

3 0 disease or condition, or to investigate whether and how 
T-cell specificity is affected. The binding of the MHC 
molecule construct makes possible these options, since 
the binding is indicative for the presence of the MHC 
recognising cells in the sample, and accordingly the 

35 presence of MHC molecules displaying the peptide. 
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The present invention also relates to methods for 

monitoring MHC recognising cells comprising the steps of 

(a) providing a sample suspected of comprising MHC 
recognising cells, 

(b) contacting the sample with a MHC molecule construct 
as defined above, and 

(c) determining any binding of the MHC molecule 
construct, thereby monitoring MHC recognising cells. 

Such methods are a powerful tool in monitoring the 
progress of a disease, e.g. to closely follow the effect 
of a treatment. The method can i.a. be used to manage or 
control the disease in a better way, to ensure the 
patient receives the optimum treatment regime, to adjust 
the treatment, to confirm remission or recurrence, and to 
ensure the patient is not treated with a medicament which 
does not cure or alleviate the disease. In this way, it 
may also be possible to monitor aberrant cells, which 
emerge through the progress of the disease or condition, 
or to investigate whether and how T-cell specificity is 
affected during treatment. The binding of the MHC 
molecule construct makes possible these options, since 
the binding is indicative for the presence of the MHC 
recognising cells in the sample, and accordingly the 
presence of MHC molecules displaying the peptide. 

The present invention also relates to methods for 
establishing a prognosis of a disease involving MHC 
recognising cells comprising the steps of 

(a) providing a sample suspected of comprising MHC 
recognising cells, 

(b) contacting the sample with a MHC molecule construct 
as defined above, and 
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(c) determining any binding of the MHC molecule 
construct, thereby establishing a prognosis of a disease 
involving MHC recognising cells. 

5 Such methods are a valuable tool in order to manage 
diseases, i.a. to ensure the patient is not treated 
without effect, to ensure the disease is treated in the 
optimum way, and to predict the chances of survival or 
cure. In this way, it may also be possible to gain 

10 information about aberrant cells, which emerge through 
the progress of the disease or condition, or to 
investigate whether and how T-cell specificity is 
affected, thereby being able to establish a prognosis. 
The binding of the MHC molecule construct makes possible 

15 these options, since the binding is indicative for the 
presence of the MHC recognising cells in the sample, and 
accordingly the presence o£ MHC molecules displaying the 
peptide . 

20 The present invention also relates to methods for 
determining the status of a disease involving MHC 
recognising cells comprising the steps of 

(a) providing a sample suspected of comprising MHC 
25 recognising cells, 

(b) contacting the sample with a MHC molecule construct 
as defined above, and 

(c) determining any binding of the MHC molecule 
construct, thereby determining the status of a disease 

3 0 involving MHC recognising cells. 

Such methods are a valuable tool in managing and 
controlling various diseases. A disease could, e.g. 
change from one stage to another, and thus it is 
35 important to be able to determine the disease status. In 
this way, it may also be possible to gain information 
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about aberrant cells which emerge through the progress of 
the disease or condition, or to investigate whether and 
how T-cell specificity is affected, thereby determining 
the status of a disease or condition. The binding of the 
5 MHC molecule construct makes possible these options, 
since the binding is indicative for the presence of the 
MHC recognising cells in the sample, and accordingly the 
presence of MHC molecules displaying the peptide . 

10 The present invention also relates to methods for the 
diagnosis of a disease involving MHC recognising cells 
comprising the steps of 

(a) providing a sample suspected of comprising MHC 
.15 recognising cells, 

(b) contacting the sample with a MHC molecule construct 
as defined above, and 

(c) determining any binding of the MHC molecule 
construct, thereby diagnosing a disease involving MHC 

20 recognising cells. 

Such diagnostic methods are a powerful tool in the 
diagnosis of various diseases. Establishing a diagnosis 
is important in several ways. A diagnosis gives 

25 information about the disease, thus the patient can be 
offered a suitable treatment regime. Also, establishing a 
more specific diagnosis may give important information 
about a subtype of a disease for which a particular 
treatment will be beneficial (i.e. various subtypes of 

3 0 diseases may involve display of different peptides which 
are recognised by MHC recognising cells, and thus 
treatment can be targeted effectively against a 
particular subtype) . Valuable information may also be 
obtained about aberrant cells emerging through the 

35 progress of the disease or condition as well as whether 
and how T-cell specificity is affected. The binding of 
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the MHC molecule construct makes possible these options, 
since the binding is indicative for the presence of the 
MHC recognising cells in the sample, and accordingly the 
presence of MHC molecules displaying the peptide. 

5 

The present invention also relates to methods of 
correlating cellular morphology with the presence of MHC 
recognising cells in a sample comprising the steps of 

10 (a) providing a sample suspected of comprising MHC 
recognising cells, 

(b) contacting the sample with a MHC molecule construct 
as defined above, and 

(c) determining any binding of the MHC molecule 
15 construct, thereby correlating the binding of the MHC 

molecule construct with the cellular morphology - 

Such methods are especially valuable as applied in the 
field of histochemical methods, as the binding pattern 

2 0 and distribution of the MHC molecule constructs can be 

observed directly. In such methods, the sample is treated 
so as to preserve the morphology of the individual cells 
of the sample. The information gained is important i.a. 
in diagnostic procedures as sites affected can be 
25 observed directly. 

The present invention also relates to methods for 
determining the effectiveness of a medicament against a 
disease involving MHC recognising cells comprising the 

3 0 steps of 

(a) providing a sample from a subject receiving treatment 
with a medicament, 

(b) contacting the sample with a MHC molecule construct 
35 as defined herein, and 
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(c) determining any binding of the MHC molecule 
construct, thereby determining the effectiveness of the 
medicament . 

5 Such methods are a valuable tool in several ways . The 
methods may be used to determine whether a treatment is 
effectively combating the disease. The method may also 
provide information about aberrant cells which emerge 
through the progress of the disease or condition as well 

10 as whether and how T-cell specificity is affected, 
thereby providing information of the effectiveness of a 
medicament in question. The binding of the MHC molecule 
construct makes possible these options, since the binding 
is indicative for the presence of the MHC recognising 

15 cells in the sample, and accordingly the presence of MHC 
molecules displaying the peptide. 

The present invention also relates to methods for 
manipulating MHC recognising cells populations comprising 
20 the steps of 

(a) providing a sample comprising MHC recognising cells, 

(b) contacting the sample with a MHC molecule construct 
immobilised onto a solid support as defined above, 

25 (c) isolating the relevant MHC recognising cells, and 

(d) expanding such cells to a clinically relevant number, 
with or without further manipulation. 

Such ex vivo methods are a powerful tool to generate 
3 0 antigen-specif ic , long-lived human effector T~cell 
populations that, when re -introduced to the subject, 
enable killing of target cells and has a great potential 
for use in immunotherapy applications against various 
types of cancer and infectious diseases. 

35 
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In the above methods ^ the term ^^a MHC molecule construct" 
is intended to include one or more MHC molecule 
constructs- Reference is made to the definitions of ^^a 
plurality'% "^a'\ ^'an'\ and ^^the", and the intended 
5 meanings given above . 

As used everywhere herein^ the term ^^MHC recognising 
cells'' are intended to mean such which are able to 
recognise and bind to MHC molecules. The intended meaning 

10 of ^^MHC molecules'' is given above. Such MHC recognising 
cells may also be called MHC recognising cell clones, 
target cells, target MHC recognising cells, target MHC 
molecule recognising cells, MHC molecule receptors, MHC 
receptors, MHC peptide specific receptors, or peptide- 

15 specific cells.. The term ^^MH'C recognising cells" is 
intended to include all subsets of normal, abnormal and 
defect cells, which recognise and bind to the MHC 
molecule. Actually, it is the receptor on the MHC 
recognising cell that binds to the MHC molecule. 

20 

As described above, in diseases and various conditions, 
peptides are displayed by means of MHC molecules, which 
are recognised by the immune system, and cells targeting 
such MHC molecules are produced (MHC recognising cells) . 
25 Thus, the presence of such MHC protein recognising cells 
is a direct indication of the presence of MHC molecules 
displaying the peptides recognised by the MHC protein 
recognising cells. The peptides displayed are indicative 
and may involved in various diseases and conditions. 

30 

For instance, such MHC recognising cells may be involved 
in diseases of inflammatory, auto- immune, allergic, 
viral, cancerous, infectious, alio- or xenogene (graft 
versus host and host versus graft) origin. 

35 
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In particular, the MHC recognising cells may be involved 
in a chronic inflammatory bowel disease such as Crohn' s 
disease or ulcerative colitis, sclerosis, type I 
diabetes, rheumatoid arthritis, psoriasis, atopic 
5 dermatitis, asthma, malignant melanoma, renal carcinoma, 
breast cancer, lung cancer, cancer of the uterus, 
cervical cancer, prostatic cancer, brain cancer, head and 
neck cancer, leukaemia, cutaneous lymphoma, hepatic 
carcinoma, colorectal cancer, bladder cancer, rejection- 
10 related disease, Graf t-versus-host-related disease, or a 
viral disease associated with hepatitis, AIDS, measles, 
pox, chicken pox, rubella or herpes. 

In one embodiment, the MHC recognising cells are selected 
15 from subpopulations of CD3+ T-cells, gamma, delta T-cells, . 
alpha, beta T-cells, CD4+ T-cells, T helper eels, CD8+ T- - 
cells. Suppressor T-cells, CD8+ cytotoxic T-cells, CTLs, 
NK cells, NKT cells, LAK cells, and MAK. 

20 In the above-described methods, the sample is preferably 
selected from histological material, cytological 
material, primary tumours, secondary organ metastasis, 
fine needle aspirates, spleen tissue, bone marrow 
specimens, cell smears, exfoliative cytological 

25 specimens, touch preparations, oral swabs, laryngeal 
swabs, vaginal swabs, bronchial lavage, gastric lavage, 
from the umbilical cord, and from body fluids such as 
blood (e.g. from a peripheral blood mononuclear cell 
(PBMC) population isolated from blood or from other 

3 0 blood-derived preparations such as leukopheresis 
products), from sputum samples, expectorates, and 
bronchial aspirates. Such samples may be used as they 
are, or they may be subjected to various purification, 
decontamination, filtration, or concentration methods, 

35 and/or methods to isolate parts of the sample like 
immunomagnetic separation. The sample or part thereof 
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(sample constituents) may further be treated so as to 
preserve morphology or arrest the cells of the sample. 
Such methods for sample treatment are readily known by 
the person skilled in the art. The term -cells of the 
sample" as used everywhere herein is intended to mean the 
sample as such or isolated parts thereof, whether or not 
various treatments are applied. 

The MHC molecule construct employed in the methods of the 
invention may, as mentioned above, be directly or 
indirectly labelled so as to facilitate observation of 
binding. Thus, the MHC molecule construct may suitably be 
labelled so as to enable observation by inspection in a 
microscope, by light, by fluorescence, by electron 
transmission, or by flow cytometry. 

It is to be understood that one MHC molecule construct 
may be employed in the methods as well as several (a 
plurality of) MHC molecule constructs (i.e. one or more), 
depending on the information desired. The total number of 
MHC molecule constructs as well as actual combination of 
MHC molecules, peptides, optionally biologically active 
compounds, and optionally labelling compounds are in 
principle unlimited. 

The methods of the invention described above may suitably 
be such, wherein the sample to be analysed is mounted on ' 
a support. The support may suitably be a solid' or semi- 
solid surface. Suitable solid and semi-solid surfaces are 
readily known in the art, and include glass slides, 
beads, particles, membranes, filters, filter membranes, 
polymer slides, polymer membranes, chamber slides, 
backings, settings, dishes, and petridishes . 

Below, a brief discussion of specific procedures for 
carrying out the methods of the invention is given. 
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Cytological and histological methods 

The methods described herein may be performed as 
cytological and histological methods (sample-mounted 
5 methods) . 

By the term ''^mounted" is meant placed on or attached to a 
substantially planar support. Included is placing the 
tissue or cell sample on a support, e.g. for viewing on a 

10 microscope slide. The sample can be attached to further 
prevent it from falling or sliding off during handling of 
the support . The method of attachment to the support 
includes relying on the physical, capillary attraction, 
adhesives and chemically binding. The sample may be fixed 

15 or not fixed. 

As mentioned above, the sample may be purified or 
concentrated, or cells may be isolated prior to analysis . 
The sample may also be embedded into paraffin and 
20 sectioned prior to analysis. Such procedures are readily 
known to the person skilled in the art . 

In particular, the support may be a glass slide, a 
membrane, a filter, a polymer slide, a chamber slide, a 
25 dish, or a petridish. 

The sample or parts thereof may suitably be grown or 
cultured directly on the support prior to analysis. 
Examples of suitable culture media includes culture media 

3 0 of biological origin such as blood serum or tissue 
extract; chemically defined synthetic media; or mixtures 
thereof. Cell cultures are usually grown either as single 
layers of cells on e.g. a glass or plastic surface, in 
flasks or on chamber slides, or as a suspension in a 

35 liquid or semisolid medium. The cells can be transferred 
to and mounted onto a more suitable support, e.g. a glass 
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slide. If grown on a chamber slide, which is suitable for 
e.g. viewing in a microscope, the cells can potentially 
remain on the support . 

5 However, the cells need not be grown or cultured prior to 
analysis. Often the sample will be analysed directly 
without Gulturing- It is to be understood that samples 
for direct analysis may undergo the processing procedures 
described above. 

10 

Thus, the sample may, either directly or after having 
undergone one or more processing steps, be analysed in 
primarily two major types of methods, in situ methods (in 
situ analyses) and in vitro methods (in vitro analyses) . 

15 

In this context, in situ methods (in situ analyses) are 
to be understood as assays, in which the morphology of 
the sample cells is essentially preserved. By 
^'essentially preserved" is meant that the overall 

2 0 morphology is preserved, making it possible to identify 

some or all of the structural compositions of the tissue 
or cells. Examples are analysis of smears, biopsies, 
touch preparations and spreading of the sample onto the 
support. Samples may be subjected to i.a. fixation, 
25 permeabilisation, or other processing steps prior to 
analysis . 

In vitro methods are to be understood as methods, in 
which the overall morphology is not preserved. In the 

3 0 case of in vitro methods, the sample is subjected to a 

treatment, which disrupts the morphology of the cell 
structure. Such treatments are known to the person 
skilled in the art and include treatment with organic 
solvents, treatment with strong chaotropic reagents such 
35 as high concentrations of guanidine thiocyanate, enzyme 
treatment, detergent treatment, bead beating, heat 
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treatment, sonication and/or application of a French 
press . 

Histological and cytological materials include biopsies 
5 and other tissue samples. In general, cytology is the 
study of the structure of all normal and abnormal 
components of cells and the changes, movements, and 
transformations of such components. Cytology disciplines 
include cytogenics, cytochemistry, and microscopic 
10 anatomy. Cells are studied directly in the living state 
or are killed (fixed) and prepared by e.g. embedding, 
sectioning, or staining for investigation in bright field 
or electron microscopes . 

15 One well-known cytology procedure is the Papanicolaou 
' test medical procedure used to detect cancer of the 
• uterine cervix. A scraping, brushing, or smear, is taken 
from the surface of the vagina or cervix and is prepared 
on a slide and stained for microscopic examination and 
20 cytological analysis. The appearance of the cells 
determines whether they are normal, suspicious, or 
cancerous . 

By histology is generally understood the study of groups 
25 of specialised cells called tissues that are found in 
most multi-cellular plants and animals. 

Histologists study the organisation of tissues at all 
levels, from the whole organ down to the molecular 
30 components of cells. Animal tissues are for example 
classified as epithelium, connective, muscle and nerve 
tissue. Blood and lymph are sometimes commonly classified 
separately as vascular tissue. 



35 



These tissue types are combined in different ways in the 
organism to form characteristic organs. The way cells are 
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connected and organised is sometimes called the 
morphology of the tissue and gives valuable information 
about the state of the cells and the tissue. 

5 A variety of techniques are used for histological 
studies, including tissue culture, use of various 
fixatives and stains / the use of a microtome for 
preparing thin sections, light microscopy, electron 
microscopy, and X-ray diffraction. The histology field 
10 also includes histochemistry, which is the study of the 
chemical composition of tissue structures . 

Histological investigation includes study of tissue death 
and regeneration and the reaction of tissue to injury or 
15 invading organisms. Because normal tissue has a 
characteristic appearance, histologic examination is 
often utilised to identify diseased tissue. 

The term ''morphology^' is used with regard to both 
20 individual cells and tissues. 

There are in general, two categories of histological 
materials. The most common is a fixed, paraffin-embedded 
tissue specimen, often archive material. These specimens 
25 are fixed, usually using a formalin-based fixative, 
dehydrated to xylene, embedded in paraffin or plastic 
(e.g. Epon, Araldite, Lowicryl, LR White or 
polyacrylamide) , sectioned onto a slide, deparaf f inised 
or otherwise treated, re-hydrated, and stained. 

30 

The second category includes preparations, which are 
fresh tissues and/or cells, which generally are not fixed 
with aldehyde-based fixatives. Such specimens are either 
placed directly on a slide or cover slip, or frozen and 
35 sectioned onto slides. Such specimens are then fixed, 
usually with an alcohol- or acetone-based fixative, and 
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Stained- These specimens commonly include biopsy 
materials, which may be analysed while the surgical 
procedure is in progress (frozen sections) , cytological 
preparations (including e. g. touch preparations and 
blood smears) , and tissues, which are to be 
histochemically analysed. 

The method of viewing the stained specimens includes 
bright field microscopes or scanners, fluorescent 
microscopes or scanners, transmission electron microscope 
(TEM) or scanning electron microscope (SEM) . 

Immunostaining requires a series of treatment steps 
conducted on a tissue section mounted on a slide to 
highlight by selective staining certain morphological 
indicators of disease states. Typical steps include pre- 
treatment of the tissue section to reduce non-specific 
binding, contacting with specific reagent, and various 
visualisation techniques, optionally separated by washing 
steps. Counterstaining with e.g. hematoxylin, Ehrlich 
staining, Sirius red. Methyl green, methylene blue, and 
the like, may also be applied. Incubations at room 
temperature or at slightly elevated temperatures, usually 
around 4 0°C, may be applied, and the tissue must be 
continuously protected from dehydration. 

In the following, some of the individual steps in a 
staining procedure are described. 

Fixatives are needed to preserve cells and tissues in a 
reproducible and life-like manner. To achieve this, 
tissue blocks, sections, or smears are immersed in a 
fixative fluid, or in the case of smears, are dried. 
Fixatives stabilise cells and tissues thereby protecting 
them from the rigors of processing and staining 
techniques . 



wo 02/072631 



75 



PCT/DK02/00169 



Types of fixative include formalin (aqueous formaldehyde) 
and neutral buffered formalin (NBF) is among the most 
commonly used. Other fixatives include glutaraldehyd, 
acrolein, carbodiimide, imidates, benzoequinone, osmic 
acid and osmium tetraoxide . 

Fresh biopsy specimens, cytological preparations 
(including touch preparations and blood smears) , frozen 
sections and tissues for immunohistochemical analysis are 
commonly fixed in organic solvents, including ethanol, 
methanol and/or acetone. 

The methods for attaching or mounting sections to slides 
, include using clean slides arid relying on the capillary 
attraction and no adhesives.' Other techniques include 
glues like egg-white glycerine, glycerine-gelatine 
mixtures, polyvinyl acetate glue, chrome- alum gelatine 
and poly lysine coating. Heating or ''burning" of the 
section as a means of facilitating mounting of the 
section should be used with caution, as the tissue can be 
destroyed. 

To facilitate the specific recognition in fixed tissue, 
it is often necessary to retrieve or unmask the targets 
through pre-treatment of the specimens to increase 
reactivity of the majority of targets. 

Target retrieval includes a variety of methods by which 
the availability of the target for interaction with a 
specific detection reagent is maximised. The most common 
techniques are enzymatic digestion with a proteolytic 
enzyme (e.g. Protinease, pronase, pepsin, papain, trypsin 
or neuraminidase) in an appropriate buffer or heat 
induced epitope retrieval (HIER) using microwave 
irradiation, heating in a regular oven, autoclaving or 
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pressure-cooking in an appropriately pH stabilised 
buffer, usually containing EDTA, Tris-HCl, citrate, urea, 
glycin-HCl or boric acid. 

5 The penetration of reagents through the tissue section 
may be increased using detergents during pre -treatment of 
sections or cytological preparations, or as additives to 
dilution media and rinsing buffers. 

10 Additionally, the signal-to-noise ratio may be increased 
by different physical methods, including application of 
vacuum and ultrasound, or freezing and thawing of the 
sections before or during incubation of the reagents. 

15 Endogenous biotin binding sites or endogenous enzyme 
activity (e.g. phosphatase, catalase or peroxidase) can 
be removed as a step in the staining procedure. 

Similarly, blocking of unspecific binding sites with 

2 0 inert proteins like, HSA, BSA, ovalbumine, fetal calf 

serum or other sera, or detergents like Tween2 0, Triton 
X-100, Saponin, Brij or Pluronics is widely used. 
Blocking unspecific binding sites in the tissue or cells 
with unlabelled and target non-specific versions of the 
25 specific reagents. 

The standard visualisation techniques utilised in 
immunocyto chemistry may not be used directly for staining 
of the receptors, as the binding relies on the low 

3 0 binding strength of MHC molecules and not the high 

avidity antibodies or DNA probes normally used. Also, the 
polymorph and somewhat sensitive nature of the MHC 
molecule distinguishes it from e.g. the monoclonal 
antibodies used in immunocytochemistry . On the other 
35 hand, in order to be of practical use, specific receptor 
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staining procedures and methods used should resemble 
current methods . 

The present invention surprisingly makes it possible to 
5 stain specific receptors using a methodology which 
resembles routine immunocytochemistry procedures. 

For a general introduction to different Immunocyto- 
chemistry visualization techniques, see e.g. Lars- Inge 
10 Larsson (ref . 23) . 

The most commonly used detection methods in immuno- 
histochemistry are direct visualisation of fluorescence 
or gold particles and enzyme mediated colorimetric 
15 detection. 

For direct fluorescent studies, the labels can e.g. be 5- 
(and 6) -carboxyf luorescein, 5- or 6-carboxyf luorescein, 
6- (fluorescein) -5- (and 6) -carboxamido hexanoic acid, 

20 fluorescein isothiocyanate (FITC) , rhodamine, tetra- 
methylrhodamine, and dyes such as Cy2, Cy3, and Cy5, 
optionally substituted coumarin including AMCA, PerCP, 
phycobiliproteins including R-phycoerythrin (RPE) and 
allophycoerythrin (AFC) , Texas Red, Princeston Red, Green 

25 fluorescent protein (GFP) and analogues thereof, and 
conjugates of R-phycoerythrin or allophycoerythrin and 
e.g. Cy5 or Texas Red, and and inorganic fluorescent 
labels based on semiconductor nanocrystals (like quantum 
dot and Qdof" nanocrystals) , and time-resolved 

3 0 fluorescent labels based on lanthanides like Eu3+ and 
Sm3+ . 

Colloidal gold or silver can be used as direct labels for 
immunocytochemical studies for electron microscopy and 
3 5 light microscopy. Amplification of the signal can be 
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obtained by further silver enhancement of the colloidal 
gold particles. 

The general enzymatic methods use labelled avidin or 
5 streptavidin-biotin (LAB) , avidin or streptavidin-biotin 
complex (ABC)/ enzyme anti-enzyme complex (e.g. PAP and 
APAAP) , direct dextran polymer based antibody- enzyme 
complex (e.g. DAKO's EPOS); indirect dextran polymer 
based antibody- enzyme complex (e.g. DAKO's EnVision) or 
10 double bridge enzyme ant i- enzyme complex. 

The enzymatic staining uses enzymatic labels such as 
horse radish peroxidase (HRP) , alkaline phosphatase (AP) , 
beta-galactosidase (GAL) , glucose -6 -phosphate dehydro- 
15 genase, beta-N-acetylglucosaminidase , invertase. Xanthine 
Oxidase, firefly lucif erase and glucose oxidase (GO) . 

Examples of commonly used substrates for horse radish 
peroxidase include 3 , 3 " -diaminobenzidine (DAB), diamino- 

20 benzidine with nickel enhancement, 3 -amino- 9-ethylcarba- 
zole (AEG) , Benzidine dihydrochloride (BDHC) , Hanker- 
Yates reagent (HYR) , Indophane blue (IB) , tetramethyl- 
benzidine (TMB) , 4 -chloro-l-naphtol (CN) , a-naphtol pyro- 
nin (a-NP) , o-dianisidine (CD) , 5-bromo-4-chloro-3-indol- 

25 ylphosphate (BCIP) , Nitro blue tetrazolium (NBT) , 2- (p- 
iodophenyl) -3 -p-nitrophenyl-5-phenyl tetrazolium chloride 
(INT) , tetranitro blue tetrazolium (TNBT) , 5-bromo-4- 
chloro-3 -indoxyl-beta-D-galactoside/f erro-f erricyanide 
(BCIG/FF) . 

30 

Examples of commonly used substrates for Alkaline 
Phosphatase include Naphthol -AS -Bl -phosphate/fast red TR 
(NABP/FR) , Naphthol-AS-MX-phosphate/fast red TR (NAMP/FR) , 
Naphthol-AS-Bl-phosphate/f ast red TR (NABP/FR) , Naphthol- 
35 AS-MX-phosphate/fast red TR (NAMP/FR) , Naphthol-AS-Bl- 
phosphate/new fuschin (NABP/NF) , bromochloroindolyl 
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phosphate/nitroblue tetrazolium (BCIP/NBT) , 5-Brotno-4- 
chloro-3-indolyl-b-d-galactopyranoside (BCIG) . 

One of the most potent detection systems is the catalysed 
5 reporter deposition (CARD) ; this amplification method is 
based on the deposition of labelled tyramide on tissue 
through the enzymatic action of HRP. After HRP- 
immunostaining, labelled tyramide is applied and bound 
near the site of HRP-activity. The bound and labelled 
10 tyramide is then visualised by traditional fluorescence 
or colorimetric enzyme mediated detection. 

Automated staining systems have been introduced to reduce 
cost, increase uniformity of slide preparation, reduce 
15 laborious routine work and most significantly reduce 
procedural human errors • 

The current automated systems can handle any 
immunochemical assay including assays relying on 
20 immunofluorescence, indirect immunoassay procedures, 
enzyme or gold staining methods. They perform all steps 
of the immunohistochemical assay irrespective of 
complexity or their order, at the prescribed time and 
temperature . 

25 

Immunocytochemistry techniques have traditionally used 
specific antibodies for identification and visualisation 
of specific antigens. The technique is complex, many 
steps and molecules with high affinities for specific 
3 0 staining are needed. 

By the present invention, immunocytochemistry techniques 
have been improved to allow identification of the minute 
quantity of delicate receptors, which is not based on 
35 antibody- antigen interactions. 
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Staining of MHC peptide specific receptors in tissue 
mounted on e.g. slides will be a very potent diagnostic 
tool, enabling identification of MHC peptide specific 
receptors, optionally combined with morphological 
5 information, if desired. 

By further combining morphological information with 
double staining of specific cells and specific receptors, 
additional useful diagnostic information can be obtained. 

10 

Flow cytometric method 

The MHC molecule constructs of the invention are suitably 
used as labelled reagents to identify MHC recognising 
cells by flow cytometry. This further allows for the 
15 analysis of additional surface markers like e.g. antibody 
epitopes expressed by CDS, CD4 , CD3, CD94/NKG2 -A/C and 
KIRs. 

A further advantage of the MHC molecule constructs of the 

2 0 invention is that by coupling flow cytometric analysis 

with high-speed cell sorting, functional assays can be 
performed on sorted cells without the need for in vitro 
expansion of the cells to be analysed. 

25 In the flow cytometer, different cells can be identified 
by their distinct cell morphology like density, shape and 
size. Tissue morphology as such is not visible from the 
data obtained from flow cytometer as the cells are broken 
up . 

30 

Flow cytometry is a system for measuring cells, beads or 
particles as they move in a liquid stream, in the so- 
called flow cell, through a laser or light beam past a 
sensing area. The relative light scattering and colour 

3 5 discriminated fluorescence of the particles is measured. 
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A flow cytometer consists in general of a light source, 
flow cell, optics to focus light of different colours 
onto a detector, signal amplifier and processor and a 
computer to record and analyse data. 

5 

Lasers are used as the preferred light source in modern 
flow cytometers. The most common laser used is the argon- 
ion laser. This produces a major line at 488 nm, which 
gives a source of blue light for excitation of e.g. 
10 fluorescein, phycoerythrin, and tandem conjugates and for 
propium iodide used in DNA measurements. In the flow 
cell, cells are aligned by hydrodynamic focusing, so that 
they pass through the laser beams one at a time. 

15 Light scatter is utilised to identify the cell or 
particle population of interest, while the measurement of 
fluorescence intensity provides specific information 
about individual cells. 

20 Individual cells held in the stream of fluid are passed 
through one or more laser beams. The cells scatter the 
laser light, which at the same time make fluorescent dyes 
emit light at various frequencies. Photoraultiplier tubes 
(PMT) convert light to electrical signals and cell data 

25 is collected. 

What makes flow cytometry such a powerful technique is 
its ability to measure several parameters on many 
thousands of individual cells in a very short time, by 

3 0 measurement of their fluorescence and the way in which 
they scatter light. As an example, using blue light for 
excitation, it is possible to measure red, green and 
orange fluorescence and the amount of light scattered, 
both forward and at right angles to the beam, on each 

3 5 cell in a population of thousands. 
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Many instruments can measure at least five different 
parameters . As all the parameters cannot be combined for 
display simultaneously in a correlated fashion, a system 
called gating is employed- Regions of interest ~ or 
5 ""^Gates"- are defined, enabling selection of specific cell 
populations for display of further parameters. A flow 
cytometer can be used to analyse sub-populations of 
cells, which have been fluorescent ly labelled, with speed 
and accuracy. Sorting on the basis of other features, 
10 e.g. size, is also possible. 

Flow cytometry instruments simultaneously generate three 
types of data: 1) Forward scatter (FSc) gives the 
approximate cell or particle size, 2) Side or Orthogonal 
15 .scatter (SSc) gives the cell or particle complexity or 
granularity, and '3) -fluorescent labelling is used to 
investigate e.g. cell structure and function. 

Forward and side scatter are used for preliminary 

2 0 identification of cells. In a peripheral blood sample, 

for example, lymphocyte, monocyte, and granulocyte 
populations can be defined on the basis of forward and 
side scatter. Forward and side scatter are used to 
exclude debris and dead cells. Particles, for example, 
25 can be identified by their size and/or their 
fluorescence . 

Cell or particle populations may be represented on single 
or dual parameter histograms. Light scatter and 

3 0 fluorescence signals may be analysed after linear or 

logarithmic amplification. Once the population of cells 
or particles to be analysed has been identified, the 
fluorescence associated with bound antibodies or dyes is 
determined after the background fluorescence has been 
3 5 established. 
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Some flow cytometers are able to physically sort cells or 
particles into specific populations. This is most 
commonly done by electrostatic deflection of charged 
droplets containing a cell. The flow cell is vibrated and 
5 causes the liquid stream to break up into small droplets 
as it leaves the exit nozzle. At the moment a cell or 
particle of interest is inside the droplet currently 
being formed, the flow cell is charged - thus charging 
the droplet- The stream of droplets then passes through a 
10 pair of electrically charged plates, and droplets that 
are charged (containing the cells or particles of 
interest) are deflected into a collection vessel. 

The electric field created between the plates can direct 
15 . the cells or particles towards one of several, user- 
specified collection receptacles. Uncharged droplets flow 
into a waste vessel. 

Analysis of concentrations of cells or subsets of cells, 
20 often referred to as ^'absolute counting'', can be of 
further interest for medical diagnostics or monitoring 
the status of cells in cell cultures or other 
biotechnological processes . 

25 The flow cytometer is able to rapidly screen large 
numbers of cells far beyond the capacity of traditional 
pathological or cytological methods . The information 
obtained aids in the diagnosis, classification, and 
prognosis of a variety of diseases. 

30 

The applications to which flow cytometry can be applied 
have expanded rapidly from cell sorting, to measurement 
of cell surface antigens, and analysis of DNA to aid the 
interpretation of malignant disorders. 



35 
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Common uses for flow cytometry in the routine clinical 
laboratory include iramunophenotyping of hematopoietic 
neoplasms, immune status evaluation, especially 
quantif icaation of CD4+ T-cells in HIV positive patients, 
5 and DNA cell cycle analysis of solid tumours. 

Different cell populations that compose the hematopoietic 
system express distinctly different cell surface antigens 
at various stages of maturation- By detecting and 
10 measuring these expressed antigens, flow cytometry can 
aid in the classification of the cell lineage of 
leukaemia and lymphoma . 

Although not intended to be an independent diagnostic 
15 modality, flow cytometry is often able to sub-classify 
haematopoietic malignancies beyond the capabilities of 
traditional morphologic and cytochemical techniques . 

The most common routine uses of flow cytometry have been 

2 0 measurement of surface antigens (markers) by immuno- 

fluorescent labelling using monoclonal antibodies. The 
markers commonly used are total B-cells, total T-cells 
and subsets of T-cells. The markers for total T-cells, 
Helper T-cells and suppressor T-cells have been assigned 
25 the cluster differentiation (CD) categories of CD3 , CD4 , 
and CDS, respectively. This spectrum of markers, of which 
there are more than 45 in all, are used for clinical 
classification of immunodeficiency states, lymphoid 
leukaemias, autoimmune diseases and for monitoring their 

3 0 response to therapy. 

For example, CD4 and CDS measurements are especially 
useful to monitor the progression of AIDS, as the CD4 + 
cells are depleted by infection by HIV, whereas the CD8+ 
35 cells persist. The absolute number of CD4+ cells is also 
a marker of progression of HIV infection to more overt 
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AIDS. The CD4/CD8 ratio can also be used to assess the 

success of immunosuppressive therapy with cyclosporin A 
in transplant patients. 

5 For immune status evaluation, typically sub-populations 
of lymphocytes are identified and quantified by the flow 
cytometer by utilising monoclonal antibodies to various 
cell surface antigens. Patients with acquired or 
congenital immunodeficiency disease and patients on 
10 immunosuppressive drug therapy exhibit characteristic 
alterations in lymphocyte populations. 

The typical direct staining procedure for flow cytometry 
may include one or several of the following steps besides 
15 washing and mixing steps : 

Fixation of the cells with e.g. buffered formaldehyde, 
permeabilisation, addition of f luorescently labelled 
target specific reagent, incubation, centrifugation, 
2 0 aspiration of the supernatant from the cell pellet, 
resuspension, dilution and analysis on flow cytometer. 

Several examples on flow cytometry based detection and 
quantitative analysis of proliferating immune 

25 subpopulations of in vitro expanded T-cells in blood 
samples from patients have been reported. Well-known 
examples on antigenic TAA peptides recognised by T-cell 
that have been monitored in patients undergoing tumour 
specific immune therapy are MART-1 (27-35) , gplOO (154- 

30 162), and NY-ESO (157-165). Other interesting MHC 
molecules include HLA A, HLA B, HLA C, H-2, DR-alleles 
and HLA E to detect a variety of receptors with low 
intrinsic affinities e.g. peptide specific TCRs and NK 
receptors like CD94/NKG2-A/C and KIRs . 



35 
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The interaction between peptide/MHC molecule and the 
specific counter receptor is driven by a relatively high 
affinity, which is essential for the staining function. 
Thus, low affinity MHC recognising cell clones, 
5 interacting with sub-dominant peptide/MHC molecule 
complexes, ^nay potentially ^''escape" analysis by flow 
cytometry. This has indeed been observed in the case of 
the prior art tetramers in flow cytometric procedures . 
However, by the construct of the present invention, this 
10 disadvantage in flow cytometric procedures is eliminated. 

The poly-ligand MHC molecule constructs of the invention 
bind more tightly to receptors of specific MHC 
recognising cells as compared to the prior art tetramers, 

15 which is needed for reliable flow cytometric procedures. 
The constructs of the invention are therefore in 
particular useful for flow cytometric analysis of even 
subtle subpopulations of MHC recognising cells. The 
increased binding avidity of MHC molecule constructs of 

20 the invention allows detection of MHC recognising cells 
expressing low affinity receptors. The augmented 
interactions also allow detection of even very small MHC 
recognising cell populations in blood samples without the 
need for in vitro expansion. It is therefore envisioned 

25 that MHC molecule constructs of the invention are useful 
for direct monitoring by flow cytometry of all types of 
MHC recognising cells in blood samples. 

The poly-ligand MHC molecule constructs of the invention 
3 0 also allow better separation of specific and unspecific 
MHC recognising cells and, thus, augment utilisation of 
fast flow cell sorting of antigen specific MHC 
recognising cells. 

3 5 Other technicrues 
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Also, it is believed that the MHC molecule constructs of 
the invention may suitably be applied in the so-call 
^'^free- floating'' techniques. 

5 In staining procedures using the so-called ^^free floating 
techniques''^ a tissue section is brought into contact 
with different reagents and wash buffers in suspension or 
freely floating in appropriate containers, e.g. micro 
centrifuge tubes . 

10 

The tissue sections can be transferred from tube to tube 
with different reagents and buffers during the staining 
procedure using e.g. a ^''fishing hook like" device, a 
spatula or a glass ring. 
15 . 

The different reagents and buffer can also be changed by 
gentle decantation or vacuum suction. Alternatively, 
containers with the tissue sections can be emptied into a 
special staining net, like the Corning ^^Netwells" and the 

2 0 tissue section washed before being transferred back into 

the tube for the next staining step. 

All the individual staining procedure steps, including 
e.g. fixation, antigen retrieval, washing, incubation 
25 with blocking reagents, immuno-specif ic reagents and e.g. 
the enzymatic catalysed development of the coloured 
stains, are done while the tissue section is floating 
freely or withheld on nets. After development of the 
stain, the tissue section is mounted on slides, dried, 

3 0 before being counterstained and cover slipped before 

being analysed in e.g. a microscope. 

Occasionally, the tissue section is mounted on slides 
following the critical incubation with the immuno- 
35 specific reagents. The rest of the staining process is 
then conducted on the slide mounted tissue sections. 
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The free-floating method has been used mainly on thick 
tissue sections. It is important that sections never dry 
out during the staining process . 

5 

Advantages of the free-floating method include even and 
good penetration of the immunohistochemical staining 
reagents. The free-floating method allows for high 
concentrations of reagents and good mixing. 

10 

Compositions comprising MHC molecule constructs 
Compositions (kits) comprising MHC molecule constructs 
are also an important embodiment of the present 
invention. Such compositions may be formulated in a way 
15 making them ready-to-use in hospitals and laboratories. 
They may also be formulated so as to enable the user to 
modify or use as desired. 

It is to be understood that the composition may include 

2 0 one MHC molecule construct or several MHC molecule 

constructs, depending on the intended use. The total 
number of MHC molecule constructs as well as actual 
combination of MHC molecules and peptides are in 
principle unlimited. 

25 

Thus, the present invention relates to compositions 
comprising a MHC molecule construct as defined above, and 
optionally other components such as buffers and/or 
visualisation means. The MHC molecules of the MHC 

3 0 molecule construct may be peptide filled or peptide free 

MHC molecules as defined above, or a mixture thereof. The 
MHC molecule construct and optionally other components 
may be provided in separate containers or in the same 
container . 



35 
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As used throughout the present context the terms ''''one or 
more'% "^a plurality", ^^a", ^^an", and ^^the" have the 
meaning indicated above . 

5 In one embodiment, the composition of the invention 
comprises a MHC molecule construct as defined above in a 
solubilising medium. The composition may be such, wherein, 
the MHC molecule construct comprises peptide filled MHC 
molecules, or such, wherein the MHC molecule construct 
10 comprises peptide free MHC molecules. In the latter case, 
the composition may be such, wherein peptides to fill the 
peptide free MHC molecules, and the MHC molecule 
construct comprising peptide free MHC molecules are 
provided separately. 

15 

In another embodiment, the composition of the invention 
comprises a MHC molecule construct as defined above, 
wherein the MHC molecule construct is immobilised onto a 
solid or semi-solid support. Suitable solid and semi- 

2 0 solid supports are indicated above. The composition may 

be such, wherein the MHC molecule construct comprises 
peptide filled MHC molecules, or such, wherein the MHC 
molecule construct comprises peptide free MHC molecules. 
In the latter case, the composition may be such, wherein 
25 peptides to fill the peptide free MHC molecules are 
provided separately . 

In particular, the MHC molecule constructs may be 
provided in a form, wherein the MHC molecules are filled 

3 0 with low affinity peptides. Thus, it may be possible to 

exchange these low affinity peptides with higher affinity 
peptides for a particular use. This application may 
particularly be valuable when providing the compositions 
(kits) . Filling the MHC molecules with low affinity 
35 peptides has the advantage of stabilising the MHC 



wo 02/072631 



90 



PCT/DK02/00169 



molecules, while providing the benefits of peptide free 
MHC molecules . 

In the following, the production of MHC molecules, 
5 peptides, and MHC molecule constructs is described. 

Production of MHC molecules, peptides and MHC molecule 
constructs 

Herein the production of MHC molecules and i.a. their 
10 usage for well-defined MHC molecules organised as poly- 
ligand compounds on a carrier molecule (MHC molecule 
constructs) to achieve specific binding of the MHC 
molecule to immune competent target cells (MHC 
recognising cells) expressing appropriate T-cell 
15 receptors and NK cell receptors are described. 

Production of MHC molecule 

Some MHC molecules have proven very difficult to obtain 
from natural sources i.e. eukaryotic cells as they are 
20 contaminated or pre-occupied with undesired peptides 
during the cellular biosynthesis. 

Recent technological progress allows production of 
peptide empty but functional MHC Class I as well as MHC 

25 Class II using appropriate cDMA ligated into a bacterial 
expression vector. A recently developed in vitro folding 
procedure Oxidized Protein Folding (OPF) allows 
production of well-defined MHC Class I molecules, cf . WO 
2000/15665 (ref . 31) . The method may be of use in any 

3 0 protein production scheme (be it in prokaryotes or 
eucaryotes) where the protein (e.g. inclusion bodies) at 
some point during the production is solvated in 
chaotrophic (e.g. urea) at conditions that do not disrupt 
established and appropriate disulphide bonds. Briefly, 

3 5 the OPF method takes advantage of pre -formed disulphide 
bonds that guide the denatured MHC molecule through an 
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efficient and fast folding pathway in buffers with 
appropriate conditions (like pH, salinity) . By example, 
peptide empty and relatively stable MHC Class I molecule 
is instantly formed by dilution of denatured heavy chain 
5 molecule with appropriate disulphide bonds in a buffer 
containing excess of functional ^2^* This intermediate 
state of de novo folded MHC Class I heavy chain is 
strictly controlled by the presence of P2ni. Subsequent 
addition of peptide induces molecular changes in the 

10 heavy chain molecule and lead to formation of stable and 
functional MHC Class 1 molecules. Thus, the OPF method 
allows production of MHC Class I molecule in two distinct 
forms, namely a) as a peptide filled molecule, which is 
extremely stable and T-cell binding, and b) as a 

15 partially mature, . peptide free molecule (^^ empty" MHC 
molecules) , which is reasonably stable and readily 
peptide receptive. In comparison, conventional folding- of 
bacterial produced MHC molecule requires presence of both 
P2i^ and peptide and leads, consequently, only to stable 

20 peptide filled MHC molecules. 

Oxidised states of e.g. MHC Class I subunits can, only, 
be obtained by biochemical purification, e.g. size 
exclusion and ion- exchange chromatography of individual 
25 subunits from urea solubilised bacterial inclusion bodies 
or from denatured MHC Class I molecules produced in 
eukaryotic cells e.g. CHO cells. 

The MHC molecules can also be generated by recombinant 
3 0 technology to obtain well defined and highly purified 
components tagged with an appropriate moiety (e.g. a 
biotinylation site) for ligation to the carrier molecule 
via a binding entity, like e.g. streptavidin . MHC 
molecules and MHC-like molecules are only obtained with 
3 5 difficulty from natural sources, as they are loaded with 
many different peptides in intracellular compartments 
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during biosynthesis. Efficient methods for production of 
lyiHC molecules are also prerequisites to overcome the 
extreme polymorphism of the MHC locus . In the human 
population more than 400 different HLA A, HLA B and HLA C 
5 alleles exist, and more that 200 HLA D alleles exist. 
This molecular diversity has as stated above an immu- 
nological purpose, but is a practical obstacle to MHC 
production because many different MHC molecules need be 
generated and individually optimised, validated, 

10 characterised, stored etc. Recombinant MHC molecules that 
present well-defined peptides can, however, be obtained 
with high efficacy by in vitro folding of denatured and 
pre-oxidised subunits (i.e. heavy and light of MHC 

Class I molecules, and a,P chains of MHC Class II 

15 molecules) from MHC molecules that have been produced in 
bacteria or eukaryotic cells. ■ 

MHC molecules can be obtained by cloning of cDNA encoding 
the various molecules of interest following standard 

2 0 procedures, e.g. as described in Molecular Cloning 

(Sambrook, Fritsch and Maniatis, Cold Spring Harbor 
Press, 1989, ref . 13) . Briefly, cDNA is synthesised from 
appropriate cell lines using commercial cDNA synthesis 
kits (in casu from Pharmacia) . For instance, in the case 

25 of human cells, the cells can be derived from the panel 
of HLA expressing EBV transformed human B-cell lines from 
the 12 International Histocompatibility Workshop Cell 
Lines Panel Database (^^HLA: Genetic diversity of HLA. 
Functional and Medical Implication'', Ed. Dominique 

30 Charron, EDK Press, 1997 (ref. 12) . E.g. in the case of 
HLA A*0201, an appropriate cell line would be the IHW 
9012. The nucleotide sequence corresponding to a desired 
MHC (HLA) molecule can be found at public available 
databases. Using the appropriate sequence information 

3 5 oligonucleotide primers can be designed to amplify by the 

PCR reaction the coding region encompassing of the 
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relevant mature MHC (HLA) molecule from the appropriate 
cDNA. The relevant forward and backward primer set for 
the purpose of amplifying is inserted into the Ncol and 
Hindu I restriction sites of an appropriate expression 
5 vector. Suitable expression vectors are e.g. obtainable 
from Novagen (Novagen, Inc, Madison, WI , USA). 

Peptides associated with MHC Class I and MHC Class II 
molecules 

10 The peptides (or peptide antigens) to fill the MHC 
molecules may be any length. The peptides should be at 
least 8-10 amino acid residues long when associated to 
MHC Class I molecules. The length of the peptides 
associated to MHC Class II molecules are usually longer 

15 than the peptides associated to MHC Class I molecules and 
may be e.g. as much as 50 amino acid residues, however, 
usually less than about 2 0 amino acid residues such as 
less than about 17 amino acid residues. However, it is to 
be understood that the above-indicated lengths are by way 

2 0 of example, and should, thus, not be limiting. 

Since antigenic molecules or tissues are known for a 
number of immunopathologies , suitable peptides can be 
selected using this information. By way of example, a 
25 panel of antigenic peptides from tumour-associated 
antigens recognised by specific cytotoxic T-cells have 
been identified. 

The amino acid composition can also be obtained by 

3 0 iterative procedures or by molecular modelling. The rapid 

and reliable identification of MHC Class I- and Class II- 
restricted T-cell epitopes is essential in various fields 
of medical research including the definition of new 
tumour antigens, auto-antigens or with respect to 
35 infectious diseases. A prerequisite therefore is the 
exact knowledge about the molecular interactions within 
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the MHC"peptide-TCR complex. By means of synthetic 
combinatorial peptide libraries a large number of MHC 
peptide binding motifs have been revealed with in the 
last ten years. A common feature of MHC peptide binding 
5 motifs is the presence of anchor residues of the peptide 
and pockets of the binding site, which control the 
strength of peptide binding to the MHC molecule. More 
than 500 different MHC molecules have been found, each of 
them comprising different peptide binding motifs. From 

10 existing biodatabases containing information of binding 
motifs, a number of algorithms have developed to predict 
MHC binding motifs deduced from known sequences of 
antigens. One well-known example is the DATABASE OF MHC 
LIGANDS AND PEPTIDE MOTIFS "^SYFPEITHI", a database 

15 comprising approximately 20 0 0 peptide sequences known to 
bind Class I arid Class II MHC molecules. The entries are 
compiled from published reports. The databases provide a 
strong tool for identification of MHC binding motifs in 
molecules involved in a variety of infections and 

20 cellular transformations. For example HIV/SIV antigens 
and tumour-associated antigens have been identified. From 
the known sequences of these antigens a number of MHC 
binding motifs have been predicted and subsequently 
verified by peptide binding analyses. Similar deductions 

25 of MHC binding peptides are available for a variety of 
disease-associated antigens in e.g. cancer, malaria and 
tuberculosis . 

More recent approaches to improve prediction of suitable 
3 0 MHC Class I peptide epitopes are based on knowledge to 
digest patterns of proteosomes that generate the MHC 
Class I bound peptides in ER. By example, the NetChop WWW 
server produces neural network predictions for cleavage 
sites of the human proteasome ( ht tp ; / /www . cbs . dtu . dk/ - 
3 5 services /NetChop/ ) . Since the proteasome structure is 
quite conserved, it is likely that the server is able to 



wo 02/072631 



PCT/DK02/00169 



95 



produce reliable predictions for at least the other 
mammalian proteasomes . A similar WWW server is available 
at http : //www . uni - tuebingen , de/uni/kxi / (see also C. 
Kuttler, A.K- Nussbaum, T.P. Dick, H.-G. Rammensee, H. 
5 Schild, K.P. Hadeler, An algorithm for the prediction of 
proteasomal cleavages, J. Mol . Biol. 298 (2000), 417-429) 
(ref . 24) . 

Analysis by trained artificial networks enables 
10 identification of additional motifs and characteristics 
that promote or inhibit cleavage. The tools also enable, 
in combination with a predictor of MHC binding capacity, 
a more complete prediction of the generation and 
presentation of peptides on MHC Class I molecules. 
15 . . 

Peptides can be obtained by solid phase synthesis 
methods. The first stage of the technique firstly 
introduced by Merrifield (refs. 14 and 15) consists of 
peptide chain assembly with protected amino acid 
20 derivatives on a polymeric support. The second stage of 
the technique is the cleavage of the peptide from the 
support with the concurrent cleavage of all side chain 
protecting groups to give the crude free peptide. To 
achieve larger peptides, these processes can be repeated 

2 5 sequentially. 

For a review of this methodology, including the different 
chemical protection schemes and solid and soluble 
supports, see for example G. Barany and Fields (refs. 16 

3 0 and 17) . 

A large number of peptides, so-called peptide libraries, 
can be obtained by combinatorial peptide synthesis; see 
e.g. Gordon et al . , R.A. Houghten et al . and G. Jung et 
35 al . (refs. 18, 19 and 20) . These collections of peptides 
can contain both natural, unnatural amino acids and amino 
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acid miinics in the sequences - The libraries are useful 
for screening a large number of peptides. 

Other methods for obtaining peptides include enzymatic 
5 fragment ligation, genetic engineering techniques as e.g. 
site-directed mutagenesis. Alternatively, the peptides 
can be obtained after isolation from natural sources . 

Production of MHC molecule constructs of the invention 
10 By the present invention, it is possible to bind low 
affinity soluble MHC molecules stably to their specific 
counter receptors. The process making this possible is 
described in the following and comprises associating the 
MHC molecule to a carrier molecule (which may be chosen 
15 to be soluble or non- soluble, depending on the intended 
use) to form the MHC molecule construct, which thus is a 
poly-ligand (i.e. poly-valent) compound. 

The plurality of low affinity MHC molecules organised in 

2 0 this way as multi- or poly-valent molecular complexes 

compensates for intrinsic high off-rates related to 
binding of individual MHC molecules . 

The MHC molecule constructs of the present invention 
25 expressing multiple low affinity MHC molecules bind to 
specific receptors on MHC recognising cells with high 
avidity. For instance, the monomer form of soluble HLA 
Class I dissociates rapidly, whereas a MHC molecule 
construct of the invention comprising HLA Class 1 has 

3 0 proven far more stable. 

Thus, the present invention further relates to a process 
for preparing a MHC molecule construct , 

3 5 The process of the invention comprises the steps of 
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(a) providing a MHC molecule or a MHC molecule subunit, 
and 

(b) associating the MHC molecule or the MHC molecule 
5 subunit to a suitable carrier molecule as described 

herein, or a suitable carrier molecule and a suitable 
binding entity as described herein, thereby obtaining a 
MHC molecule construct. 

10 As mentioned, the carrier molecule may be chosen so as to 
be soluble or non- soluble. 

More specifically, the process of the present invention 
comprises the steps of 

15 . 

(a) providing a prokaryotic or eukaryotic cell comprising 
one or more genes coding for a tagged or untagged MHC 
molecules or MHC molecule subunits, the gene or genes 
being expressible in said cell, 

20 

(b) cultivating the cell under conditions where the gene 
is expressed, 

(c) isolating the MHC molecules or MHC subunits from the 
25 cell under conditions which allow subsequent purification 

of the MHC molecules or MHC molecule subunits generated 
by the cell, and 

(d) optionally subjecting the isolated MHC molecule 
3 0 subunits to a folding treatment prior to or during a 

process of association to a carrier molecule as described 
herein, or a binding entity and a carrier molecule as 
described herein, thereby obtaining the MHC molecule 
construct . 

35 
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The MHC molecules may be generated in the same cell or in 
different cells. In the latter case, the MHC molecules 
(which may very well be two different kinds of molecules, 
e.g. a heavy chain of a MHC Class I molecule and a ^2^) 
5 may be combined prior to or during the time of 
association to the carrier molecule (with or without a 
binding entity) . 

Host cells comprising appropriate expression vectors can 
10 be prokaryotic or eukaryotic. 

Particularly preferred for production of MHC molecules 
used herein is the versatile and high expressive 
bacterial expression. By way of example, an E.coli strain 
15 e.g. lysogene BL21(DE3) can easily be transformed with a 
cDNA encoding expression vector of interest and induced 
to expression of large amounts of , molecules . 

The host cells comprising expression plasmids encoding 

2 0 the MHC molecules may be of prokaryotic origin (bacteria) 

or of eukaryotic origin (yeast, insect or mammalian 
cells) - 

A preferred bacterial production is such which yields 
25 high amounts of denatured subunit molecule e.g. heavy 
chain and P2m molecule. Functional MHC molecules can be 
obtained by in vitro folding following standard 
procedures known by persons skilled in the art. For 
example, a conventional method describes that denatured 

3 0 and fully reduced MHC Class I heavy chain molecule 

obtained from bacteria regenerates in presence of Pani and 
appropriate peptide at physical and chemical conditions 
that allow formation of di sulphide bonds and 
establishment of secondary and tertiary formation of 
35 denatured polypeptide chains (ref. 21). Both peptide and 
p2m are added in excess in comparison to the amount of 
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folding heavy chain to compensate for the low affinities 
of subunit molecules in the early folding phases . The 
peptide of interest should comprise appropriate anchor 
residues to ensure a sufficient loading into the peptide- 
5 binding site formed by the heavy chain. 

A more recently developed and preferred method ^^Oxidised 
Folding Protein'' (OPF) takes advantage of heavy chain 
molecules with pre-formed disulphide bonds, which direct 

10 a fast and more efficient folding of denatured molecules. 
This method describes folding of MHC Class I heavy chains 
in presence of Pa^n alone. A peptide empty and bio- 
chemically stable MHC Class I molecule is formed by 
association of heavy- and light chain. . Subsequent 

15 . addition of peptides comprising appropriate anchor 
residues leads to fast formation of the functional and 
stable MHC-peptide complexes. 

Well-defined MHC molecules or MHC molecule subunits can 
20 also be produced in cells encoding appropriate cDNAs. 
Expression vectors comprising such cDNA can be introduced 
into host cells using any technique known in the art. 
These techniques include electroporation, calcium- 
phosphate mediated transf ection, transf errin-polycation 
25 mediated DNA transfer, transfection with naked or 
encapsulated nucleic acids, liposome mediated cellular 
fusion, intracellular transportation of DNA-coated latex 
beads, protoplast fusion and viral infection. 

3 0 By way of example, peptide-binding motifs, which would be 
interesting to study in connection with the present 
invention, are shown in Figures 34-37. 

Therapy 

3 5 As mentioned above, the present invention relates in 
general to the field of therapy. MHC molecule constructs 
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of the invention are a powerful tool in various 
therapeutic applications. In particular, the MHC molecule 
constructs of the invention are applicable in in vivo and 
ex vivo therapeutic applications as will be apparent from 
5 the following. 

The present invention is also based on the recognition 
that it is possible to design a poly-ligand MHC molecule 
construct so as to (I) target specific MHC recognising 

10 cells, and (II) induce a response as desired, in specific 
target MHC recognising cells by addressing receptors on 
such cells. It was further recognised that with such 
design of MHC molecule/peptide complexes with a given 
specificity, it is possible to '^add" other stimuli to the 

15 therapeutic composition by incorporating other molecules, 
which will affect the activity of the MHC recognising 
cells- Thus, it is possible to modulate the activity of 
specifically targeted MHC recognising cell clones, while 
leaving other MHC recognising cell clones unaffected. 

20 Furthermore, it is also possible to specifically modulate 
the activity of more than one MHC recognising cell clone 
by choosing the before -mentioned other molecules 
appropriately. The inventions is further based on the 
recognition that it is possible to obtain specific MHC 

25 recognising cells using the MHC molecule constructs 
described herein, to modulate such ex vivo, whereby such 
cells can be used for in vivo treatment. 

Accordingly, the present invention provides for methods 
30 of up- regulating, down -regulating, modulate, restoring, 
enhancing, and/or stimulate the immune system, as well as 
methods of inducing anergy of cells. This can in 
accordance with the present invention in general be 
accomplished in two ways, namely in vivo or ex vivo. By 
35 ^^in vivo'' is meant that an effective amount of an active 
substance or ingredient is administered to a subject by 
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any suitable route, the active substance or ingredient 
excerting its effect in the subject. By '^ex vivo" (may 
also be termed ^^in vitro") is meant that cells withdrawn 
from a subject are in some way affected outside the 
5 siibject, and then re-introduced to the subject, thereby 
achieving a desired response. 

It should be emphasised that all and any definitions 
given above both with respect to the MHC molecule 

10 constructs and other terms apply equally to the 
following- It is to be understood that the therapeutic 
compositions of the present invention may comprise one or 
more MHC molecule constructs as defined above. For the 
definition of ''one or more" as well as ''a", ''an", "a 

15 plurality", and "the",, of. above. As also described 
above, the MHC molecules of the construct may be peptide 
filled, peptide empty or mixtures thereof. The MHC 
molecules of each construct may be the same or different . 
Likewise, the peptides of the MHC molecules may be the 

20 same or different. Likewise, the MHC molecule construct 
may comprise one or more biologically active molecules, 
which may be the same or different. These expressions are 
described in the foregoing. 

25 In particular, the inclusion of biologically active 
molecules may be important to initiate a response as 
desired. As mentioned above, the immune system is 
dependent on several signalling pathways, and thus 
inclusion of biologically active molecules, either as 

3 0 part of the MHC construct or alone, may be an excellent 
way to control or guide the immune system. 

Thus, the present invention relates generally to the MHC 
molecule constructs per se as defined above for use as 
35 therapeutic compositions or medicaments. The present 
invention also relates to the MHC molecule constructs as 
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defined herein for use in in vivo therapy and for use in 
ex vivo therapy. 

In one aspect, the present invention relates to 
5 therapeutic compositions comprising as an active 
ingredient a MHC molecule construct as defined herein . 

In another aspect, the present invention relates to 
therapeutic compositions comprising as active ingredient 
10 an effective amount of MHC recognising cells, the MHC 
recognising cells being obtainable by 

bringing a sample from a subject comprising MHC 
recognising cells into contact with a MHC molecule 
15 construct as' described herein, whereby the MHC 
recognising cells'- become bound to the MHC molecule 
construct, 

isolating the bound MHC molecule construct and the MHC 
recognising cells, and 
20 expanding such MHC recognising cells to a clinically 
relevant number . 

The therapeutic compositions may suitably comprise one or 
more adjuvants and/or excipients. 

25 

As used herein, the term ^'adj uvanf' refers to an 
immunological adjuvant. By this is meant a compound that 
is able to enhance or facilitate the immune system' s 
response to the ingredient in question, thereby inducing 

3 0 a immune response or series of immune responses in the 
subject. The adjuvant may facilitate the effect of the 
therapeutic composition by forming depots (prolonging the 
half-life of the ingredient) , provide additional T-cell 
help and stimulate cytokine production. Facilitation of 

35 antigen survival and unspecific stimulation by adjuvants 
may, in some cases, be required if MHC molecule epitopes 
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are the only feature in the therapeutic composition 
recognised by the immune system. 

Included in the term ^'immune response"^ is specific 
5 humoral, i.e. antibody, as well as cellular immune 
responses, the antibodies being serologic as well as 
secretory and pertaining to the subclasses IgM, IgD, IgG, 
IgA and IgE as well as all isotypes, allotypes, and 
subclasses thereof . The term is further intended to 
10 include other serum or tissue components- The cellular 
response includes Type-1 and Type-2 T-helper lymphocytes, 
cytotoxic T-cells as well NK cells. 

Examples of suitable adjuvant are those mentioned above, 

15 i.e. saponins such as Quil. A and Qs-21, oil in water 
emulsions such as MF59, MPL, PLG, PLGA, aluminium salts, 
calcium phosphate, water in oil emulsions such as IFA 
(Freund's incomplete adjuvant) and CFA (Freund's complete 
adjuvant) , interleukins such as IL-ip, IL-2, IL-7, IL-12, 

2 0 and INFy, Adju-Phos®, glucan, antigen formulation, 
biodegradable microparticles. Cholera Holotoxin, 
liposomes, DDE, DHEA, DMPC, DMPG, DOC/Alum Complex, 
ISCOMs , muramyl dipeptide, monophosphoryl lipid A, 
muramyl tripeptide, and phospatidylethanolamine In a 

2 5 preferred embodiment, the adjuvant is selected from 
saponins such as Quil A and Qs~21, MF5 9, MPL, PLG, PLGA, 
calcium phosphate, and aluminium salts. Examples of 
suitable excipients are those mentioned above, i.e. 
diluents, buffers, suspending agents, wetting agents, 

30 solubilising agents, pH-adjusting agents, dispersing 
agents, preserving agents, and/or colorants. In 
particular a PBS buffer without calcium ions and 
magnesium ions may be suited. 

35 The therapeutic compositions of the invention may 
suitably be applied in the treatment, prevention. 
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stabilisation, or alleviation of various diseases. 
Diseases of relevance are those mentioned above, i.e. 
diseases of of inflammatory, auto- immune, allergic, 
viral, cancerous, infectious, alio- or xenogene (graft 
5 versus host and host versus graft) origin. In particular, 
the disease may be a chronic inflammatory bowel disease 
such as Crohn's disease or ulcerative colitis, sclerosis, 
type I diabetes, rheumatoid arthritis, psoriasis, atopic 
dearmatitis, asthma, malignant melanoma, renal carcinoma, 

10 breast cancer, lung cancer, cancer of the uterus, 
prostatic cancer, brain cancer, head and neck cancer, 
leukaemia, cutaneous lymphoma, hepatic carcinoma, 
colorectal cancer, bladder cancer, rejection-related 
disease, Graf t-versus-host-related disease, or a viral 

15 disease associated with hepatitis, AIDS, measles, pox, 
chicken pox, rubella or herpes. 

More specifically, the disease may be 

2 0 of inflammatory/auto- immune origin, including asthma, 
hypersensitivity pneumonitis, interstitial lung disease, 
sarcoidosis, idiopathic pulmonary fibrosis, interstitial 
lung disease associated with Crohn^s Disease or 
ulcerative colitis or Whipple's disease, interstitial 

25 lung disease associated with Wegeners granulomatosis or 
hypersensitivity vasculitis, 

vasculitis syndromes, Hennoch-Schonleins purpura, 
Goodpastures syndrome, Wegeners granulomatosis, 

30 

renal diseases such as antibody mediated glomerulopathia 
as in acute glomerulonephritis, nephritis associated with 
systemic lupus erythematosus, nephritis associated with 
other systemic diseases such as Wegeners granulomatosis 
35 and Goodpastures syndrome and mixed connective tissue 
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disease, chronic interstitial nephritis, chronic 
glomerulonephritis , 

gastrointestinal diseases such as Crohn's Disease, 
5 Ulcerative colitis, coeliac disease, Whipple's disease, 
collagenous colitis, eosinophillic colitis, lymphatic 
colitis, 

hepatobilliary diseases such as auto-immune hepatitis, 
10 alcohol induced hepatitis, periportal fibrosis, primary 
billiary cirrhosis, sclerosing colangitis, 

disorders of the central or peripheral nervous system 
such as demyelinating disease as multiple sclerosis, 
15 acute disseminated encephalomyelitis, sub-acute scleros- 
ing panencephalitis, 

skin disease such as psoriasis, atopic dermatitis, 
eczema, allergic skin disease, progressive systemic 

2 0 sclerosis (scleroderma) , exfoliating dermatitis, 

pemphigus vulgaris, 

joint diseases such as rheumatoid arthritis, ankylosing 
spondylitis, arthritis associated with psoriasis or 
25 inflammatory bowel disease, 

muscoloskelletal diseases such as myastenia gravis, 
polymyos i t i s , 

3 0 endocrine diseases such as insulin dependent diabetes 

mellitus, auto immune thyroiditis (Hashimoto) , 

thyreotoxicosis , Graves , 

diseases of the hematopoetic system such as auto-immune 
3 5 anaemia, auto -immune thrombocytopenia, 
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cardiovascular diseases such as cardiomyopathia, 
vasculitis, cardiovascular disease associated with 
systemic diseases as systemic lupus erythematosus, 
polyarthritis nodosa, rheumatoid arthritis, scleroderma, 
5 sarcoidosis, 

diseases of cancerous origin, including malignant 
melanoma, Sezary'' s syndrome, cutaneous T-cell lymphoma, 
renal cell carcinoma, colorectal cancer, breast cancer, 
10 ovarian cancer, cancer of the uterus, prostatic cancer, 
hepatic carcinoma, lung cancer, and sarcoma, 

diseases, disorders or conditions of allergic origin. 

15 The most common allergens, to which allergic reactions 
occur, include . inhalation allergens originating i.a. from 
trees, grasses, herbs, fungi, house dust mites, storage 
mites, cockroaches and animal hair, feathers, and 
dandruff. Important pollen allergens from trees, grasses 

20 and herbs are such originating from the taxonomic orders 
of Fa.ga.les, Oleales and Finales including i.a. birch 
(JBetuIa) , alder {Alnus) , hazel {Corylus) , hornbeam 
(Carpinus) and olive (Olea) , the order of Poales 
including i.a. grasses of the genera Lolium, Phleum, Poa, 

25 Cynodon, Dactylis and Secale, the orders of Asterales and 
Urticales including i.a. herbs of the genera Ambrosia and 
Artemisia. Important inhalation allergens from fungi are 
i.a. such originating from the genera Alternaria and 
Cladosporium, Other important inhalation allergens are 

3 0 those from house dust mites of the genus 
Dermatophagoides , storage mites from the genus 
Lepidoglyphys destructor , those from cockroaches and 
those from mammals such as cat, dog, horse, cow, and 
bird. Also, allergic reactions towards stinging or biting 

3 5 insects such as those from the taxonomic order of 
Hymenoptera including bees, wasps, and ants are commonly 
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observed. Specific allergen components are known to the 
person skilled in the art and include e.g. Bet v 1 (B. 
verrucosa, birch) , Aln g 1 {Alnus glutinosa , alder) , Cor 
a 1 {Corylus a.'vela.na., hazel) and Car b 1 {Ca.rplnus 
5 betuluSr hornbeam) of the Fagales order. Others are Cry j 
1 {Plnales) , Amb a 1 and 2, Art v 1 (Asterales) , Par j 1 
(Urtlcales) , Ole e 1 {Oleales) , Ave e 1, Cyn d 1, Dac g 

1, Fes p 1, Hoi 1 1, hoi p 1 and 5, Pas n 1, Phi p 1 and 
5, Poa pi, 2 and 5, Sec c 1 and 5, and Sor h 1 (various 

10 grass pollens) , Alt a 1 and Cla h 1 (fungi) , Der f 1 and 

2, Der p 1 and 2 (house dust mites, D. farlnae and D, 
pteronyssinus , respectively) , Lep d ±, Bla g 1 and 2, Per 
a 1 (cockroaches, Blatella germanlca and Perlplaneta 
amerlcana, respectively) , Fel d 1 (cat) , Can f 1 (dog) , 

15' Egu c 1, 2 and 3 (horse) , Apis m 1 and 2 (honeybee) , Ves 
g 1, 2 and 5, Pol a 1, 2 and 5 (all wasps) and Sol i 1, 
2, 3 and 4 (fire ant) , to mention the most common. 

The therapeutic compositions of the invention may be 
2 0 formulated in any suitable way, i.a. depending on the 
route of administration, and the amount of active 
ingredient to be administered. In particular, the 
therapeutic compositions of the invention may be 
formulated for parenteral administration, including 
25 intravenous, intramuscular, intraarticular, subcutaneous, 
intradermal, epicutantous/transdermal, and intra- 
peritoneal administration, for infusion, for oral 
administration, for nasal administration, for rectal 
administration, or for topic administration. 

30 

The MHC molecule construct may suitably be immobilised 
onto a solid or semi-solid support. Examples of solid and 
semi- solid support are those mentioned above, i.e. 
particles, beads, biodegradable particles, sheets, gels, 
35 filters, membranes, fibres, capillaries, needles, 
microtitre strips, tubes, plates or wells, combs, pipette 
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tips, micro arrays, and chips. In particular, the solid 
support may be selected from particles and beads, 
preferably particles and beads, which are polymeric, 
magnetic or superparamagnetic. For in vivo therapy, 
5 biodegradable particles will be especially preferred, 
while for ex vivo therapy, biodegradable, polymeric, 
magnetic, paramagnetic or superparamagnetic particles 
will be especially preferred. 

10 As mentioned, the MHC molecule constructs used in the 
therapeutically compositions are very interesting 
molecule poly-ligand compounds possessing highly 
appropriate properties for modulation of MHC recognising 
cells both in vivo and ex vivo. 

15 

The poly-ligand MHC molecule constructs can, due' to the 
carrier molecule, be loaded with a plurality of peptide- 
displaying MHC molecules to ensure high avidity binding 
to specific counter receptors - 

20 

It is to be understood that such responses include 
inducing anergy leading to apoptosis, up- regulating a 
response, down -regulating a response, stimulating a 
response, modulating a response, enhancing a response, 

25 inhibiting a response, and in any other way manipulating 
a response- In this connection, it should be understood 
that the MHC molecules/peptides of the construct may be 
chosen so as to induce a number of other responses, or 
activate signal pathways which results in the production 

3 0 of various signalling substances which may have a 
beneficial influence on the disease to be treated, 
prevented or alleviated. 

To accomplish this, the MHC molecule construct used in 
3 5 the composition may suitably comprise heterogeneous or 
homogeneous MHC molecules (e.g. displaying different 
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peptides) to elicit one or more or more functions in the 
target MHC recognising cells in vivo and ex vivo. 

Furthermore, this desired effect of the MHC molecule 
5 construct may be enhanced, reduced, inhibited, stimulated 
or combined with other effects by the further attachment 
of biologically active compounds as described above, 
thereby addressing specific MHC recognising cell clones. 
For this, a specific combination of MHC molecule and 

10 peptide may be selected. By way of example, loading co- 
stimulatory molecules e.g. B7.1 onto a poly-ligand MHC 
molecule construct thus leads to formation of a bi- 
functional poly-ligand MHC molecule construct, which (I) 
is directed to the peptide specific MHC recognising cell 

15 clones of interest and (II) facilitate appropriate 
stimulation implying two mandatory signals to initiate an 
immune response. Another example, is compositions for the 
treatment of auto-immune diseases wherein a recombinant 
toxin, e.g. PE-38, is also attached to the MHC molecule 

2 0 constructs used. 

By this, it is possible to modulate the response in any 
way it would be desired. Therefore, the present invention 
also relates to a method of designing a MHC 
25 molecule/peptide combination, resulting in a desired 
target cell response both in vivo and ex vivo. 

A variety of diseases, including cancer cause 
immunosuppression in the patients. Immunotherapy is an 

30 attempt to stimulate the patient' s own immune system to 
recognise and destroy cancer cells. The tumour can exert 
its suppressive influence over the immune system through 
several different mechanisms. Although tumour cells can 
prime the immune system, tumour escape mechanisms can 

35 induce immunological tolerance to the tumour. There are 
several known mechanisms of tumour escaping immune 
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surveillance. For instance, tumour cells are often 
inefficient in presenting tumour antigens to effector T- 
cells . This can be the result of tumour cell down- 
regulation or mutation of MHC molecules, or down- 
5 regulation of co-stimulatory molecules such as B7, or 
other molecules, such as TAP, that are important in the 
antigen presenting pathway. 

Furthermore, tumour cells have been shown to induce 
10 tolerance in T-cells by down-regulating the expression of 
CD3"Zeta chain in T-cells. Tumour cells can also suppress 
T-cell activation by release of inhibitory cytokines, and 
induce apoptosis in T-cells through Fas -Fas ligand 
interaction. Tumour cells also have the ability to 
15 . suppress the immune system through release of cytokines 
such as IL-12 that inhibits the maturation of immature 
dendritic cells into fully mature antigen presenting 
cells . Inhibitory factors released by tumour cells have 
been shown to suppress granulocyte activation, thus 

2 0 avoiding the killing of tumour cells by activated 

granulocytes . 

Common treatment regimes such as chemotherapy and 
radiation therapy also suppress immunity in a more 
25 general way. 

A variety of different prior art strategies have been 
employed in an attempt to restore or enhance the 
patienfs immune response to tumours, including treatment 

3 0 with monoclonal antibodies, cancer vaccines, cytokine 

therapy and adoptive cellular immunotherapy using 
dendritic cells or T-cells • Cellular immunotherapy 
involving T-cells include CD8+ cytotoxic effector cells 
that have the capacity to kill tumour cells. Furthermore, 
35 it has been shown that CD4+ cytokine producing T-cells 
also play an important role in maintaining a sustainable 
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anti-tumour cell activity of cytotoxic CDS cells. The 
success, however, of the prior art methods have been 
limited. 

5 In accordance with the above, interesting the MHC 
molecule constructs of the therapeutic composition may be 
such, 

wherein at least two of the MHC molecules of the MHC 
10 molecule construct used are different, 

wherein the MHC molecules of the MHC molecule construct 
used are the same, 

wherein at least two of the peptides harboured by a 
plurality MHC molecules of the MHC molecule construct 
15 used are different, 

wherein the peptides harboured by the MHC molecules of 
the MHC molecule construct used are the same, 
wherein the peptides harboured by the MHC molecules of 
the MHC molecule construct used are chemically modified 

2 0 or synthesised to contain not natural amino acids, 

hydrophilic or hydrophobic groups, 

wherein the peptides harboured by the MHC Class I 
molecules of the MHC molecule construct used are linked 
to the MHC Class I heavy chain by a flexible linker, 
25 wherein the peptides harboured by the MHC Class I 
molecules of the MHC molecule construct used are linked 
to the MHC Class I light chain {P2m) by a flexible 
linker, 

wherein the peptides are harboured by MHC Class I 

3 0 molecules of the MHC molecule construct used comprising 

of MHC Class I heavy chain in association with a light 
chain (!32m) by a flexible linker, 

wherein the peptide harboured by the MHC Class II 
molecules of the MHC molecule construct used are linked 
3 5 to the alfa-chain by a flexible linker. 
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wherein the peptide harboured by the MHC Class II 
molecules of the MHC molecule construct used are linked 
to the P-chain by a flexible linker, 

wherein the MHC Class I molecules of the MHC molecule 
5 construct used are mutated, 

wherein the MHC Class II molecules of the MHC molecule 
construct used are mutated, 

wherein the MHC molecules of the MHC molecule construct 
used are peptide free MHC molecules . 

10 

As mentioned above, the MHC molecule construct may 
comprise one or more biologically active molecules. Such 
are defined above. Particularly preferred biologically 
compounds will be selected from MIC A, MIC B, CDld, ULBP- 

15 1, ULBP-2, ULEP-3, CD2, CD3 , CD4 , CDS, CDS, CD9 , CD27, 
CD28, CD30, CD69, CD134- (OX40) , CD137 (4-lBB), CD147, 
CDW150 (SIiAM) , CD152 (CTLA-4) , CD153 (CD30L) , CD40L 
(CD154) , NKG2D, ICOS, HVEM, HLA Class II, PD-1, Fas 
(CD95) , FasL, CD40, CD48, CD58, CD70, CD72 , B7 . 1 (CD80), 

20 B7.2 (CD86) , B7RP-1, B7-H3, PD-Ll, PD-L2, .CD134L, CD137L, 
ICOSL, LIGHT, CD16, NKp30, NKp44, NKp46, NKpSO, 2B4 , KIR, 
LIR, CD94/NKG2A, and CD94/NKG2C- 

As mentioned the present invention relates to methods for 
25 the treatment of an animal, including a human being, 
which methods comprise administering a therapeutic 
composition as described herein in an effective amount. 
The treatment may be such which involves up -regulation, 
down- regulation, modulation, stimulation, inhibition, 
3 0 restoration, enhancement and/and otherwise manipulation 
of immune responses. This can indeed be accomplished by 
the compositions of the present invention. The present 
invention also relates to methods of inducing anergy in a 
cell, by which methods a therapeutic composition as 
3 5 described herein is administered. 
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In a further aspect, the present invention relates to 
methods of performing adoptive immunotherapy, which 
methods comprise administrating to an animal, including a 
human being, a therapeutic composition as described 
5 herein . 

In vivo therapy 

As mentioned above, the therapeutic composition of the 
invention is suited for in vivo therapy. 

10 

Therapeutic compositions for in vivo therapy may suitably 
comprise from 1 to 10 different MHC molecule constructs. 
Thus, the inclusion of two, three, four, five, six or 
more different MHC molecule constructs are contemplated 

15 and believed to be advantageous in some cases. Also, it 
may be advantageous to include a MHC molecule construct 
carrying MHC molecules harbouring different peptides. The 
amount of each MHC molecule construct depends on the MHC 
molecule construct or combination of MHC molecule 

20 constructs in question. Furthermore, the affinity of the 
MHC molecule should be taken into consideration. High- 
affinity, as well as low affinity peptides may be 
harboured by the MHC molecules. This, however, is 
expected to affect the amount necessary to generate the 

25 desired response and the strength of the desired 
response. It is contemplated that the amount of MHC 
molecule construct required to induce a systemic immune 
response will typically be in the range of from 0.0001 to 
10000 pg/kg/dose, such as from 0.01 to 1000 |ig/kg/dose, 

30 from 0.1 to 100 iig/kg/dose, or from 1 to 10 i^g/kg/dose. 
In general, the MHC molecules used should be synergenic 
with the receiving subject to avoid or minimise the risk 
of alloreactions . 

35 The administration of the composition of the invention 
may be as single doses or as several doses . In certain 
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cases, administration only once may be sufficient. In 
general, several doses should be given with intervals of 
a day, a week, two weeks, a month, or several months, 
etc. For example, a single dose may be given once, or a 
5 dose may be given as a primer, followed by one or more 
administration, or a continuous administration regime 
like up to four doses per week, followed by one month 
without administrations, followed by up to four doses per 
week (optionally with increasing amount of the MHC 

10 molecule construct), etc. Optionally different adjuvants 
or combinations of adjuvants may be used in the different 
administrations. These are all examples, and the optimal 
administration regime depends on the MHC molecule 
construct in question and several other factors. The 

15 person skilled in the art will readily know how to 
optimise this. 

Of course, other medicaments may be administered 
simultaneously in order to enhance or support the 
2 0 treatment. 



In particular, one or more MHC molecule constructs 
without MHC molecules attached, but with biologically 
active molecules attached may be administered together 

25 with the MHC molecule construct to sitmulate, up- 
regulate, down- regulate, inhibit or enhance other MHC 
recognising cell clones than the MHC recognising cell 
clones addressed by the MHC molecule construct of the 
composition. Such may also be added to promote response 

3 0 to the cell clone addressed. In particular, such 
biologically active molecules may be part of the MHC 
molecule construct as described in the foregoing. 



35 



Containers for mixing and storage of the therapeutic 
composition of the invention may be made of glass or 
various polymeric materials. The containers chosen should 



wo 02/072631 



115 



PCT/DK02/00169 



not adsorb the product stored. The containers may 
suitably be ampoules or capped vials for mono- or 
multidosage . 

5 The invention further relates to methods for producing 
the therapeutic compositions of the invention, which 
methods comprise 

providing a MHC molecule construct as described herein, 
10 and 

solubilising or dispersing the MHC molecule construct in 
a medium suitable for therapeutic substances, and 
optionally adding other adjuvants and/or excipients . 

15 Ex vivo therapy 

As mentioned above, the compositions of the present 
invention are suited for ex vivo therapy. 

Thus, the present invention relates in particular to 

2 0 therapeutic compositions comprising as an active 

ingredient an effective amount of MHC recognising cells, 
the MHC recognising cells being obtained by 

isolating from a subject MHC recognising cells using a 
25 MHC molecule construct as defined herein, and 

expanding such MHC recognising cells to a clinically 
relevant number . 

Once the MHC recognising cells have been isolated they 

3 0 may, if needed, be genet ical or in any other appropraite 

way modified or manipulated before they are expanded. 

The MHC recognising cells can be isolated in a number of 
ways, which are described in more detail in the 
35 following- 
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In particular: 

1) One or more MHC molecule constructs as defined herein 
may be brought into contact with a sample from a subject, 

5 whereby the MHC molecule constructs are allowed to bind 
to MHC recognising cells in the sample. The MHC molecule 
constructs may then be recovered from the sample, 
whereafter the MHC recognising cells may be liberated 
from the MHC molecule constructs and subsequently 
10 expanded. 

2) One or more MHC molecule constructs as defined herein 
may be brought into contact with a sample from a subject, 
whereby the MHC molecule constructs are allowed to bind 

15 to MHC recognising cells in the sample. The MHC molecule 
constructs may then be recovered from the sample/ 
whereafter the MHC recognising cells may be liberated 
from the MHC molecule construct and subsequently expanded 
in the presence of one or more other MHC molecule 

2 0 constructs. 

3) One or more MHC molecule constructs as defined herein 
immobilised onto a solid or semi -support as defined 
herein may be brought into contact with a sample from a 

25 subject, whereby the MHC molecule constructs are allowed 
to bind to MHC recognising cells in the sample. The MHC 
molecule constructs may then be recovered from the 
sample, whereafter the MHC recognising cells may be 
liberated from the MHC molecule constructs and 

3 0 subsequently expanded. 

4) One or more MHC molecule constructs as defined herein 
immobilised onto a solid or semi-support as defined 
herein may be brought into contact with a sample from a 

35 subject, whereby the MHC molecule constructs are allowed 
to bind to MHC recognising cells in the sample. The MHC 
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molecule constructs may then be recovered from the 
sample, whereafter the MHC recognising cells may be 
liberated from the MHC molecule constructs and 
subsequently expanded in the presence of one or more 
5 other MHC molecule constructs. 

5) One or more labelled MHC molecule constructs as 
defined herein immobilised onto a solid or semi-support 
as defined herein may be brought into contact with a 

10 sample from a subject, whereby the MHC molecule 
constructs are allowed to bind to MHC recognising cells 
in the sample. The MHC molecule constructs may then be 
recovered from the sample, whereafter the MHC recognising 
cells may be liberated from the MHC molecule constructs 

15. and subsequently .expanded. 

6) One or more labelled MHC molecule constructs as 
defined herein immobilised onto a solid or semi -support 
as defined herein may be brought into contact with a 

2 0 sample from a subject, whereby the MHC molecule 

constructs are allowed to bind to MHC recognising cells 
in the sample. The MHC molecule constructs may then be 
recovered from the sample, whereafter the MHC recognising 
cells may be liberated from the MHC molecule constructs 
25 and subsequently expanded in the presence of one or more 
other MHC molecule constructs. 

7) One or more MHC molecule constructs as defined herein 
may be brought into contact with a sample from a subject, 

3 0 whereby the MHC molecule constructs are allowed to bind 

to MHC recognising cells in the sample. Then the sample 
containing the MHC recognising cells bound MHC molecule 
constructs may be brought into contact with a solid or 
semi -solid support as defined herein having immobilised 
3 5 thereon one or more molecules which are able to bind to 
the any part of the MHC recognising cells or MHC molecule 



wo 02/072631 



118 



PCT/DK02/00169 



construct, whereby the MHC molecule construct with the 
bound MHC recognising cells will become bound to the 
support - The thus bound MHC molecule constructs with MHC 
recognising cells may then be recovered from the sample, 
5 whereafter the MHC recognising cells may be liberated 
from the MHC molecule constructs and subsequently 
expanded . 

8) One or more labelled MHC molecule constructs as 
10 defined herein may be brought into contact with a sample 
from a subject, whereby the MHC molecule constructs are 
allowed to bind to MHC recognising cells in the sample. 
Then the sample containing the MHC recognising cells 
bound MHC molecule constructs may be brought into contact 
15 with a solid, or semi -sol id support as defined herein 
having immobilised thereon one or more molecules which 
are able to bind to the any part of the MHC recognising 
cells or MHC molecule construct, whereby the MHC molecule 
construct with the bound MHC recognising cells will 

2 0 become bound to the support. The thus bound MHC molecule 

constructs with MHC recognising cells may then be 
recovered from the sample, whereafter the MHC recognising 
cells may be liberated from the MHC molecule constructs 
and subsequently expanded in the presence of one or more 
25 other MHC molecule constructs. 

The above list is not exhaustive in any way. 

It is to be understood that the time of contact between 

3 0 the MHC molecule constructs and the sample will depend on 

several factors, i.a. the MHC molecule constructs in 
question and the conditions under which the contacting 
take place. The contact time will be any such 
sufficiently to enable binding to the MHC recognising 
35 cells to the MHC molecule construct. The person skilled 
in the art will readily how to optimise this. In general. 
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the sample may and the MHC molecule construct may be 
brought into contact for 10 minutes to 2 hours, such as 
from 2 0-45 minutes / at a temperature of from 4°C to 2 0^C. 

5 It is to be understood that the MHC recognising cells are 
those indicated above . 

It is to be understood that ^^sample'' has the meaning 
defined above. In particular, the sample may be 

10 peripheral blood mononuclear cells (PBMC) or other blood- 
derived preparations such as leukopheresis products, or 
bone marrow, spleen or umbilical cord. Samples may be 
used as they are, or they may be subjected to various 
purification, decontamination, filtration, or 

15 . .concentration methods, and/or methods to isolate or 
remove parts of the sample like immunomagnetic 
separation. 

The MHC molecule construct with bound MHC recognising 

2 0 cells may suitably be isolated by use of a magnetic field 

(if the support are magnetic particles or beads) (i.e. an 
immunomagnetic separation technique) , or by use of a cell 
sorter device such as a flow cytometer. For the latter 
isolation procedure, the MHC molecule constructs may 
25 suitably be labelled. If the immobilisation to the solid 
or semi-solid support is carried out following contact 
between the MHC molecule construct and sample, it is to 
be understood that the MHC molecule construct with the 
MHC recognising cells may be immobilised using a compound 

3 0 capable of binding thereto. Such, which are suitable, are 

indicated above. For immunomagnetic isolation of MHC 
recognising cells from larger sample volumes, disposable 
blood bags may be applied. Examples of equipment suited 
for such purpose are the Isolex® 300i or MaxSepd) 
35 equipment from Baxter Healthcare Corp, or the CliniMACS 
from Miltenyi Biotech. 
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The MHC recognising cells can be liberated from the MHC 
molecule construct by procedures such as DNA- linker 
digested by DNase, temperature- sensitive Elastin- linker , 
5 as described in WO 99/11661 (ref. 29), detaching 
antibodies as described in WO 91/15766 (ref. 30), release 
by incubation and other release mechanisms known to 
persons skilled in the art. 

10 The MHC molecule construct may in accordance with the 
definitions above comprise one or more biologically 
active molecules. Such can be included e.g in order to 
attract the MHC recognising cells desired, and to lower 
or prevent potential induction of apoptosis resulting 

15 from the isolation procedure. . . . 

It is to be understood that the expansion of the cells 
may be carried out in the presence of one or more MHC 
molecule constructs as defined above. The such used MHC 

2 0 molecule constructs may be the same as used for capturing 
the MHC recognising cells or may be different. Such may 
in accordance with the definitions above comprise one or 
more biologically active molecules. Such biologically 
active molecules will further facilitate multiple 

25 interactions with the TCR and co- stimulatory molecules on 
MHC recognising cells and pz^oduce efficient ex vivo 
stimulation of MHC recognising cells. The binding 
affinity of e.g. co- stimulatory molecules and their 
ligands is in the same range as the binding affinity of 

30 MHC molecule-peptide complexes and the TCR (10 pM range) . 
The inclusion of such biologically active molecules 
facilitates the use of natural molecules as a replacement 
for stimulatory antibodies during expansion, since they 
compensate for low affinity by introducing multiple 

35 binding interactions. In particular, the MHC recognising 
cells may be expanded in the presence of one or more MHC 



wo 02/072631 



121 



PCT/DK02/00169 



molecule constructs without MHC molecules attached, but 
with biologically active molecules attached to stimulate, 
up- regulate, down- regulate, inhibit or enhance 1) other 
MHC recognising cell clones than the MHC recognising cell 
5 clones of interest as well as 2) the MHC recognising cell 
clones of interest. The expansion may further be carried 
out in the presence of feeder cells such as dendritic 
cells or stroma cells. 

10 It is to be understood that the expansion of the cells 
may additionally be carried out in the presence of 
further compounds, e.g. such which promote or stimulate 
expansion of the cells, inhibit growth of non-relevant 
cells, or select for the desired cells. Such can e.g. be 

15 one or more biologically active molecules as described 
above . Such further compounds may also be selected from 
cytokines such as lymphokines, interferons, interleukins, 
growth factors, and colony- stimulating factors. For 
example, 11-2 may be added to enhance proliferation of 

2 0 cells, and other cytokines may be added to induce 
particular dif f erenciation patterns, if required. For 
example, IL-4 triggers differentiation of T-cell 
populations into the Th2 subpopulation, and INF-gamma 
triggers differentiation into the Thl subpopulation. Of 

2 5 course a suitable culturing medium and suitable 

conditions have to be used to expand and maintain cells. 
Expansion time is usually between 3 and 10 days, but can 
be as long as 14 to 2 0 days, or even longer providing 
viability and continued proliferation of cells are 

3 0 maintained. 

In a special aspect, the present invention relates to 
methods of obtaining MHC recognising cells comprising, 
which methods comprise 



wo 02/072631 



122 



PCT/DK02/00169 



bringing into contact a MHC molecule construct as 
described herein and a sample suspected of comprising MHC 
recognising cells under conditions whereby the MHC 
recognising cells bind to the MHC molecule construct, and 
5 isolating the bound MHC molecule construct and MHC 
recognising cells. 

Such methods are e.g. suited for the obtaining the MHC 
recognising cells of therapeutic compositions of the 

10 invention- Such methods are further believed to be of 
value for identifying new disease-associated peptides, in 
that random peptides can be applied as part of the MHC 
molecule construct, and their binding effect to MHC 
recognising cells can be tested. The methods can suitably 

15 . . . be carried out by immunomagnetic separation techniques or 
■ by flow cytometry. 

The invention further relates to methods for producing 
the therapeutic compositions of the invention, which 
20 methods comprise 

obtaining MHC recognising cells using a MHC molecule 
construct as described herein, 

expanding such MHC recognising cells to a clinically 
25 relevant number, 

formulating the obtained cells in a medium suitable for 

adminis trat ion , and 

optionally adding adjuvants and/or excipients. 

3 0 The invention further relates to kits for obtaining the 
MHC recognising cells. In one embodiment, such kits 
comprise one or more MHC protein constructs as defined 
herein, optionally immobilised on to a solid or semi- 
solid support as defined herein. In another embodiment, 

3 5 such kits comprise one or more MHC protein constructs as 
defined herein and means for immobilisation of the MHC 
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molecule constructs (s) prior to or following binding to 
the MHC recognising cells. 

The invention further in general relates to the use of 
5 the MHC molecule construct described herinfor ex vivo 
expansion of MHC recognising cells. For such ex vivo 
expansion of cells, the MHC molecule construct may be 
provided in soluble form. The MHC molecule construct may 
also be provided immobilised onto a solid or semi -solid 

10 support. The solid and semi-solid supports are those 
mentioned above. Beads and particles are especially 
preferred, in particular polymeric, magnetic or 
superparamagnetic particles or beads. In particular, the 
MHC molecule construct may comprise one or more of the 

15 biologically active compounds as described above. 

In the following, more specific procedures are described 
in the context of cancerous diseases, but the procedures 
apply equally well to other diseases . 

20 

It is believed that one strategy to overcome the 
suppressive effect of e^g. tumour cells on the immune 
system would be to remove the immune relevant cells from 
a subject through standard apheresis procedures, and to 

25 expand and modify these immune cells ex vivo before re- 
infusion to the patients . This would not only remove the 
suppressive pressure of tumour cells, but also allow for 
the rescue of immunocompetent cells prior to 
immunosuppressive treatment regimens including 

3 0 chemotherapy and radiation therapy. 

Pheripheral blood T-cells can be removed from a subject, 
and placed into culture under conditions that allow the 
T-cells to proliferate. Such conditions include growing 
35 T-cells with mitogens or antigens in the presence of 
cytokines (IL-2) and dendritic cells as antigen 
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presenting cells . Antigen can be introduced in the 
cultures either as protein extracts from tumours, defined 
protein antigens or peptides, or as tumour mRNA or DNA 
transfected into the dendritic cells. Alternatively, T- 
5 cell expansion protocols have been developed that include 
the use of stimulatory antibodies such as anti-CD3 and 
anti-CD2 8 antibodies, either in soluble form or coupled 
to a solid phase. The advantage of such antibody-based 
expansion protocols is that they circumvent the need for 
10 feeder cells and tumour antigens that may not be readily 
available. Following ex vivo T-cell-expansion, often in 
the order of 100-1000 fold, the T-cells are re-infused to 
the patients in order to restore or enhance the immune 
function towards the tumour. 

15 

It is well known that T-cells of the immune system 
express a multitude of specificities, and only a limited 
number of the available T-cell clones express 
specificities that are relevant for the recognition and 
20 killing of the tumour cells. 

Most prior art protocols for T-cell expansion do not take 
into consideration the antigen specificity of the T-cells 
for tumour antigens, and result in a polyclonal expansion 

25 of T-cells which include a multitude of irrelevant T-cell 
specificities. Although the expanded T-cells would help 
restore the immune function of the patients through 
production of cytokines, it is expected that only a 
fraction of the re-infused T-cells can recognise and kill 

3 0 tumour cells directly. In addition, polyclonal expansion 
of T-cells increases the risk of expanding T-cell clones 
with autoimmune specificities. 

The present invention relates in particular to adoptive 
35 immunotherapy using T-cells with known specificities for 
tumour antigens. In this aspect of immunotherapy, CD4 and 
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CDS T-cells specific for pre -determined tumour antigens 
can be isolated from peripheral blood, apheresis 
products, bone marrow, lymph nodes, primary tumours, 
secondary organ metastasis and other tissues by an 
5 immunomagnetic separation procedure or by a flow 
cytometric procedure. After optional purification, the 
cells can be expanded ex vivo and re -infused to the 
patients. Such expanded antigen specific T-cells will 
have the ability to target tumour cells directly, and 
10 thus be more efficient than polyclonally expanded T- 
cells . In addition, the use of antigen specific T-cells 
would decrease the potential danger of re-infusing T- 
cells clones with autoimmune specificities. 

15 By the present invention, a support as defined above, 
preferably in the ^ form of beads or particles as defined 
above, having . .MHC molecule constructs as defined herein 
immobilised thereon, may be applied to aid manipulation 
and separation of relevant cells from a sample. Thus, a 

20 support comprising magnetic particles may readily be 
removed by magnetic aggregation, which provides a quick, 
simple and efficient way of ex vivo separating bound 
cells . 

25 The magnetic particles or beads with the specific T-cells 
attached may be removed ex vivo from a sample onto a 
suitable solid or semi -solid support by application of a 
magnetic field e.g. using a permanent magnet. It is 
usually sufficient to apply a magnet to the side of the 

3 0 vessel containing the sample mixture to aggregate the 
particles to the wall of the vessel and to pour away the 
remainder of the sample. 

Especially preferred are superparamagnetic particles, as 
3 5 magnetic aggregation and clumping of the particles during 
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reaction can be avoided. Dynabeads (Dynal Biotech ASA, 
Oslo, Norway) are one particularly suited example. 

In a convenient embodiment, the MHC molecule constructs 
5 may be attached to the support, prior to contact with the 
sample. Such attachment may readily be achieved by 
methods (e. g. coupling chemistries) well known in the 
art, and conveniently the MHC molecule constructs are 
bound directly to the solid support, for example by 
10 coating. However, the MHC molecule constructs may also be 
attached via a spacer, a linker, or an antibody as 
described above . The MHC molecule constructs may be 
covalently or reversibly attached according to choice. 

15 Alternatively,. as mentioned.- above, the MHC molecule 
constructs may first be brought into contact with the 
sample, to bind to the T-cells before being attached to 
the solid support. In this case, the solid support may 
conveniently carry or be provided with a molecule as 

2 0 described above capable of binding to the MHC molecule 

construct thereby capturing the MHC molecule construct.. 
Non-limiting examples include antibodies against the 
binding entity, antibodies against the carrier molecule, 
streptavidin or derivatives thereof for use with 
25 biotinylated carrier molecules, and anti- leucocyte 
antibodies - 

Where more than one type of MHC molecule construct is 
used they may be attached to the same or different solid 
30 supports. Such a system using different solid supports is 
applicable particularly in the case of a particulate 
support such as beads or particles. Thus, different MHC 
molecule constructs may be attached to different beads or 
particles. Such beads or particles may suitably have 

3 5 difference sizes or properties, which thus enable 
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separation according to the different MHC molecule 
constructs . 

In an embodiment where more than one different type of 
5 MHC molecule construct is used, appropriate amounts or 
ratios at which the different types of MHC molecule 
constructs may be used will be readily determined by a 
person skilled in the art. 

10 As mentioned above, cell separation techniques based on 
solid phase affinity binding (e.g. immunomagnetic 
separation (IMS) ) are well known in the art and 
conditions to achieve this may readily be determined by 
the skilled worker in this field. Thus, for example a 

15 solid support -carrying ant i- leukocyte antibodies may be 
brought into contact with the sample. A particulate solid 
support may, for example, be added to the sample 
contained (e.g. suspended) in an appropriate medium (e. 
g. a buffer) . The support may then be left in contact 

2 0 with the sample (e. g. incubated) for a length of time to 

enable binding to the cells to occur. Conditions during 
the step are not critical, and the sample -support mixture 
may be incubated at e.g. 4°C to 20 °C for 10 minutes to 2 
hours e.g. 2 0-45 minutes. 

25 

Antigen specific T-cells usually occur at very low 
frequencies . The low frequency of antigen specific T- 
cells makes these cells difficult targets for 
immunomagnetic isolation. In addition, the binding 

3 0 affinity between MHC-peptide complexes and the TCR is 

relatively low (in the order of 10 pM) compared to the 
binding affinity of antibodies and their target molecules 
(in the range of 10-0.1 nM) . The low binding affinity of 
the MHC-peptide complexes can be compensated by 
35 introducing multiple binding sites between the solid 
phase used for cell isolation and the TCR on the T-cell 
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surface. In the present invention, this is achieved by- 
conjugating multiple MHC-peptide complexes to poly-ligand 
molecules. By coupling multiple such poly-ligand 
molecules to the solid phase, the avidity of binding to 
5 T-cells is increased to facilitate efficient isolation of 
the target T-cells. 

Efficient isolation of antigen specific T-cells can be 
achieved by coupling the MHC- conjugated polymer molecules 
10 to the beads or particles prior to the cell isolation 
step, or indirectly by mixing soluble MHC molecule 
constructs with the sample, before introducing beads or 
particles which have a binding affinity for the a part of 
the MHC molecule construct. 

15 

Following isolation, the T-cells can be cultivated under 
conditions that facilitate proliferation and expansion. ^ 
T-cell activation and proliferation depends, as described 
above, on two different signals delivered by antigen 

20 presenting cells. The first signal is the antigen 
specific signal delivered by MHC-peptide complexes to the 
TCR. The second signal is an antigen unspecific signal 
delivered by co-stimulatory molecules on the antigen 
presenting cells. Such co- stimulatory molecules include 

25 B7-1 and B7-2 which interact with interact with the CD28 
molecule on T-cells, and other co- stimulatory molecules 
such as LFA-3, CDS, CD40, ICOS, NKG2D, 0X4 0 and CD137. 

As mentioned above, administration of the expanded cells 
3 0 may be by any convenient route. Typically, the number of 
cell for each administration should be about lO^-lO"^-'- 
cells. The cells may suitably be administered in a volume 
of from about 5 0 ml to about 1 litre, such as about 5 0 ml 
to about 50 0 ml, about 5 0 ml to about 25 0 ml, about 5 0 ml 
35 to about 15 0 ml, or about 5 0 ml to about 10 0 ml, 
depending on the route of administration and the disease 
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to be treated. The cells may be administered in a single 
dose or as several doses. In certain cases, 
administration only once may be sufficient. In general, 
several doses should be given with intervals of a day, a 
5 week, two weeks, a month, or several months, etc. For 
example, a single dose may be given once, or a dose may 
be given as a primer, followed by one or more 
administration, or a continuous administration regime 
like up to four doses per week, followed by one month 

10 without administrations, followed by up to four doses per 
week (sometimes with increasing or decreasing amount of 
the cells) , etc. Optionally different adjuvants or 
combinations of adjuvants may be used in the different 
administrations. These are all examples, and the optimal 

15 administration regime depends on the cells in question 
and several other factors. The person skilled in the art 
will readily know how to optimise this. Of course, other 
medicaments may be administered simultaneously in order 
to enhance or support the treatment . 

20 

In particular, a MHC molecule construct as defined 
herein, or one or more MHC molecule constructs without 
MHC molecules attached, but with biologically active 
molecules attached may be administered together with the 

25 therapeutic composition to sitmulate, up~regulate, down- 
regulate, inhibit or enhance other MHC recognising cell 
clones than the MHC recognising cell clones addressed by 
the MHC molecule construct of the composition- Such 
constructs may optionally be immobilised onto 

3 0 biodegradable particles. 

Containers for mixing and storage of the therapeutic 
composition of the invention may be made of glass or 
various polymeric materials. The containers chosen should 
35 essentially not affect the product stored. The containers 
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may suitably be ampoules or capped vials for mono- or 
multidosage . 

Uses of MHC molecules 
5 In a special aspect, the present invention relates to 

uses of MHC molecules in histological methods, and 
uses of MHC molecules in cytological methods . 

10 Such methods are sample -mounted methods. The terms 
^^histological" and ^^cytological"' are as defined above. 
The term ^^mounted" is as defined above (sample-mounted 
methods) . 

15 This aspect of \the invention is based on the surprising 
recognition that although MHC molecules or multimers of 
MHC molecules per se may not be very suited for some 
applications due to low intrinsic affinity, they perform 
unexpectedly well in sample-mounted applications - 

20 

All definitions, explanations, and interpretations given 
above also apply mutadis mutandis to this aspect of the 
invention. 

25 Thus, in one embodiment, the present invention relates to 
the use of MHC molecules in a method for determining the 
presence of MHC recognising cells in a sample, wherein 
the MHC recognising cells of the sample are mounted on a 
support . 

30 

Such methods are a powerful tool in diagnosing various 
diseases. Establishing a diagnosis is important in 
several ways. A diagnosis gives information about the 
disease, thus the patient can be offered suitable 
35 treatment. Also, establishing a more specific diagnosis 
may give important information about a subtype of a 
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disease for which a particular treatment will be 
beneficial (i.e. various subtypes of diseases may involve 
display of different peptides which are recognised by MHC 
recognising cells, and thus treatment can be targetted 
5 effectively against a particular subtype) . In this way, 
it may also be possible to gain information about 
aberrant cells, which emerge through the progress of the 
disease or condition, or to investigate whether and how 
cell specificity is affected. The binding of the MHC 
10 molecule makes possible these options, since the binding 
is indicative for the presence of the MHC recognising 
cells in the sample, and accordingly the presence of MHC 
molecules displaying the peptide . 

15 ■ . In another embodiment, the present invention relates to 
the use of a MHC molecule in a method for monitoring the 
presence of MHC recognising cells in a sample, wherein 
the MHC recognising cells of the sample are mounted on a 
support . 

20 

Such methods are a powerful tool in monitoring the 
progress of a disease, e.g. to closely follow the effect 
of a treatment. The method can i.a. be used to manage or 
control the disease in a better way, to ensure the 

25 patient receives the optimum treatment, to adjust the 
treatment, to confirm remission or recurrence, and to 
ensure the patient is not treated with a medicament which 
does not cure or alleviate the disease. In this way, it 
may also be possible to monitor aberrant cells which 

3 0 emerge through the progress of the disease or condition, 
or to investigate whether and how T-cell specificity is 
affected. The binding of the MHC molecule makes possible 
these options, since the binding is indicative for the 
presence of the MHC recognising cells in the sample, and 

3 5 accordingly the presence of MHC molecules displaying the 
peptide. 
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In yet another embodiment, the present invention relates 
to the use of a MHC molecule in a method for determining 
the status of a disease involving MHC recognising cells, 
5 in which method the MHC recognising cells of the sample 
are mounted on a support . 

Such methods are a valuable tool in managing and 
controlling various diseases. A disease could, e.g. 

10 change from stage to another, and thus it is important be 
be able to determine the disease status . In this way, it 
may also be possible to gain information about aberrant 
cells which emerge through the progress of the disease or 
condition, or to investigate whether and how cell 

15.. specificity is affected, thereby determining the status 
of a disease or condition. The binding of the MHC 
molecule makes possible these options, since the binding 
is indicative for the presence of the MHC recognising 
cells in the sample, and accordingly the presence of MHC 

20 molecules displaying the peptide. 

In still another embodiment, the present invention 
relates to the use of a MHC molecule in a method for 
establishing a prognosis of a disease involving MHC 
25 recognising cells, in which method the MHC recognising 
cells of the sample are mounted on a support . 

Such methods are a valuable tool in order to manage 
diseases, i.a. to ensure the patient is not treated 

3 0 without effect, to ensure the disease is treated in the 
optimum way, and to predict the chances of survival or 
cure. In this way, it may also be possible to gain 
information about aberrant cells, which emerge through 
the progress of the disease or condition, or to 

35 investigate whether and how T-cell specificity is 
affected, thereby being able to establish a prognosis. 
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The binding of the MHC molecule makes possible these 
options, since the binding is indicative for the presence 
of the MHC recognising cells in the sample, and 
accordingly the presence of MHC molecules displaying the 
5 peptide . 

The present invention also relates to the use of a MHC 
molecule in methods for the diagnosis of a disease 
involving MHC recognising cells, in which method the MHC 
10 recognising cells of the sample are mounted on a support . 

Such diagnostic methods are a powerful tool in the 
diagnosis of various diseases. Establishing a diagnosis 
is important in several ways. A diagnosis * gives 
15 information about the disease, thus the patient can be 
offered suitable treatment. Also, establishing a more 
specific diagnosis may give important information about a 
subtype of a disease for which a particular treatment 
will be beneficial (i.e. various subtypes of diseases may 

2 0 involve display of different peptides which are 

recognised by MHC recognising cells, and thus treatment 
can be targeted effectively against a particular 
subtype) . Valuable information may also be obtained about 
aberrant cells emerging through the progress of the 
25 disease or condition as well as whether and how T-cell 
specificity is affected. The binding of the MHC molecule 
makes possible these options, since the binding is 
indicative for the presence of the MHC recognising cells 
in the sample, and accordingly the presence of MHC 

3 0 molecules displaying the peptide. 

The present invention also relates to the use of a MHC 
molecule in methods of correlating cellular morphology 
with the presence of MHC recognising cells in a sample. 



35 
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Such methods are especially valuable as applied in the 
field of histological methods, as the binding pattern and 
distribution of the MHC molecule constructs can be 
observed directly. In such methods / the sample is treated 
5 so as to preserve the morphology of the individual cells 
of the sample. The information gained is important i.a. 
in diagnostic procedures as sited affected can be viewed 
directly. 

10 As mentioned above, the use of the MHC molecule is in 
sample -mounted methods. Thus, the sample is mounted on a 
support. The support is selected from a solid or semi- 
solid surface. In particular, the support is selected 
. from glass slides, membranes, filters, polymer slides, 

15-. .chamber slides, dishes, and petridishes. 

The sample may suitably be selected from histological 
material , cytological material , primary tumours , 
secondary organ metastasis, fine needle aspirates, spleen 

20 tissue, bone marrow specimens, cell smears, exfoliative 
cytological specimens, touch preparations, oral swabs, 
laryngeal swabs, vaginal swabs, bronchial lavage, gastric 
lavage, from the umbilical cord, and from body fluids 
such as blood (e.g. from a peripheral blood mononuclear 

25 cell (PBMC) population isolated from blood or from other 
blood-derived preparations such as leukopheresis 
products) , from sputum samples, expectorates, and 
bronchial aspirates. Such may be subjected to various 
treatments. Reference is made to the definitions given 

3 0 above, which also apply here. 

The MHC molecule to be used may be 

a MHC Class I molecule selected from the group consisting 
3 5 of a heavy chain, a heavy chain combined with a ^2^1, a 
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heavy chain combined with a peptide, and a heavy 
chain/P2ni dimer with a peptide; 

or a MHC Class II molecule selected from the group 
5 consisting of an a/p dimer, an a/P dimer with a peptide, 
a/P dimer combined through an affinity tag and a a/P 
dimer combined through an affinity tag with a peptide; 

or a MHC Class I like molecule or a MHC Class II like 
10 molecule. 

The definitions given above with respect to the terms 
'^MHC molecule", '"MHC Class I molecule'' and "'MHC Class II 
molecule"also apply here. 

15 

The MHC molecule may ' suitably be a vertebrate MHC 
molecule such as a human, a murine, a rat, a porcine, a 
bovine or an avian molecule. The explanation to these 
molecules given above also applies here. 

20 

In particular, the MHC molecule to be used may be a human 
MHC molecule . 

The MHC molecule to be used may be a peptide free MHC 
25 molecule, or a peptide filled MHC molecule. 

The MHC molecule to be used may suitably be attached to a 
binding entity. Suitable binding entities are those 
described above, including streptavidin (SA) and avidin 

3 0 and derivatives thereof, biotin, immunoglobulins, 
antibodies (monoclonal, polyclonal, and recombinant) , 
antibody fragments and derivatives thereof, leucine 
zipper domain of AP-1 ( jun and fos) , hexa-his (metal 
chelate moiety) , hexa-hat GST (glutathione S-tranf erase) 

3 5 glutathione affinity, Calmodulin-binding peptide (CBP) , 
Strep-tag, Cellulose Binding Domain, Maltose Binding 
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Protein, S- Peptide Tag, Chit in Binding Tag, Immuno- 
reactive Epitopes, Epitope Tags, E2Tag, HA Epitope Tag, 
Myc Epitope, FLAG Epitope, AUl and AU5 Epitopes, Glu-Glu 
Epitope, KT3 Epitope, IRS Epitope, Btag Epitope, Protein 
5 Kinase -C Epitope, VSV Epitope, lectins that mediate 
binding to a diversity of compounds, including 
carbohydrates, lipids and proteins, e.g. Con A {Ca.na.va.lia. 
ensiformls) or WGA (wheat germ agglutinin) and 
tetranectin or Protein A or G *( antibody affinity) . It is 
10 to be understood that the binding entity may be a 
combination of those mentioned above. 

Each binding entity may suitably have attached thereto 
from 1 to 10 MHC molecules, such as from 1 to 9, from 1 
15 to 8, from 1 to 7, from 1 to 6, from 1 to 5, from 1 to 4, 
from 1 to 3 , or 1 or 2 MHC molecules . Such MHC molecules 
may be the same or different (i.e. from different 
species) . If the MHC molecules are peptide filled, such 
peptides may be the same or different . The number of MHC 

2 0 molecules attached to the binding entity is only limited 

by the capacity of the binding entity. When more than one 
MHC molecules is attached to a binding entity, such is 
herein termed a MHC molecule multimer, e.g. a dimer (two 
MHC molecules) , a trimer (three MHC molecules) , and a 
25 tetramer (four MHC molecules) . This number should be 
interpreted as in average, cf . the explanations above. 
Thus, the average number needs not an integer, but can be 
any number between two integers (i.e. a decimal number) . 

3 0 For enabling detection of the MHC molecule, the MHC 

molecule may further comprise a labelling compound. The 
labelling compound is suitably such which is directly or 
indirectly detectable. Thus, the labelling compound may 
be a fluorescent label, an enzyme label, a radioisotope, 
3 5 a chemiluminescent label, a bioluminescent label, a 
polymer, a metal particle, a hapten, an antibody, or a 
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dye. In particular, the labelling compound may be 
selected from 

5- (and 6) -carboxyf luorescein, 5- or 6-carboxyf luorescein, 
5 6- (fluorescein) -5- (and 6) -carboxamido hexanoic acid, 
fluorescein isothiocyanate (FITC) , rhodamine, tetrameth- 
ylrhodamine , and dyes such as Cy2, Cy3, and Cy5, 
optionally substituted coumarin including AMCA, PerCP, 
phycobiliproteins including R-phycoerythrin (RPE) and 

10 allophycoerythrin (APC) , Texas Red, Princeston Red, Green 
fluorescent protein (GFP) and analogues thereof, and 
conjugates of R-phycoerythrin or allophycoerythrin and 
e.g. Cy5 or Texas Red, and inorganic fluorescent labels 
based on semiconductor . nanocrystals (like quantum dot and 

15 Qdot^*^ nanocrystals)., and time-resolved fluorescent labels 
based on lanthanides like Eu3+ and Sm3+, 

from haptens such as DNP, biotin, and digoxiginin, or 

20 is selected from enzymatic labels such as horse radish 
peroxidase (HRP) , alkaline phosphatase (AP) , beta- 
galactosidase (GAL) , glucose -6 -phosphate dehydrogenase, 
beta-N-acetylglucosaminidase, Ji -glucuronidase, invert ase. 
Xanthine Oxidase, firefly lucif erase and glucose oxidase 

25 (GO) , or 

is selected from luminiscence labels such as luminol, 
isoluminol, acridinium esters, 1 , 2 -dioxetanes and 
pyridopyridazines , or 

30 

is selected from radioactivity labels such as 
incorporated isotopes of iodide, cobalt, selenium, 
tritium, and phosphor. 
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A labelling compound may be attached to the MHC molecule, 
the binding entity, or both to the MHC molecule and the 
binding entity. 

5 Thus, the present invention relates to methods for 
detecting the presence of MHC recognising cells in a 
sample comprising the steps of 

(a) providing a sample suspected of comprising MHC 
10 recognising cells mounted on a support, 

(b) contacting the sample with a MHC molecule as 
described herein, and 

(c) determining any binding of the MHC molecule, which 
binding indicates the presence of MHC recognising cells. 

15 

The invention further relates to methods for monitoring 
MHC recognising cells comprising the steps of 

(a) providing a sample suspected comprising MHC 
20 recognising cells mounted on a support, 

(b) contacting the sample with a MHC molecule as 
described herein, and 

(c) determining any binding of the MHC molecule, thereby 
monitoring MHC recognising cells. 

25 

The invention also relates to methods for establishing a 
prognosis of a disease involving MHC recognising cells 
comprising the steps of 

3 0 (a) providing a sample suspected comprising MHC 
recognising cells mounted on a support, 

(b) contacting the sample with a MHC molecule as 
described herein, and 

(c) determining any binding of the MHC molecule, thereby 
3 5 establishing a prognosis of a disease involving MHC 

recognising cells- 
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Furthermore, the invention relates to methods for 
determining the status of a disease involving MHC 
recognising cells comprising the steps of 

5 

(a) providing a sample suspected comprising MHC 
recognising cells mounted on a support, 

(b) contacting the sample with a MHC molecule as 
described herein, and 

10 (c) determining any binding of the MHC molecule, thereby- 
determining the status of a disease involving molecule 
recognising cells . 

The present invention also relates to methods of 
15 correlating. cellular morphology with the presence of MHC . 
recognising cells in a sample comprising the steps of 

(a) providing a sample suspected of comprising MHC 
recognising cells mounted on a support, 

2 0 (b) contacting the sample with a MHC molecule as 

described herein, and 

(c) determining any binding of the MHC molecule, thereby 
correlating the binding of the MHC molecule construct 
with the cellular morphology. 

25 

Also comprised by this invention are methods for 
diagnosing a disease involving MHC recognising cells, 
comprising the steps of 

3 0 (a) providing a sample suspected comprising MHC 

recognising cells mounted on a support, 

(b) contacting the sample with a MHC molecule as 
described herein, and 

(c) determining any binding of the MHC molecule, thereby 
35 diagnosing a disease involving MHC recognising cells. 
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The invention also relates to methods for determining the 
effectiveness of a medicament against a disease involving 
MHC recognising cells comprising the steps of 

5 (a) providing a sample from a subject receiving treatment 
with a medicament mounted on a support, 

(b) contacting the sample with a MHC molecule as 
described herein, and 

(c) determining any binding of the MHC molecule, thereby 
10 determining the effectiveness of the medicament - 

The disease may be of inflammatory, auto-immune, 
allergic, viral, cancerous, infectious, alio- or xenogene 
(graf t-versus-host and host-versus-graf t) origin. In 

15 particular, the disease may be a chronic inflammatory 
bowel disease such as Crohn'' s disease or ulcerative 
colitis, sclerosis, type I diabetes, rheumatoid 
arthritis, psoriasis, atopic dermatitis, asthma, 
malignant melanoma, renal carcinoma, breast cancer, lung 

20 cancer, cancer of the uterus, cervical cancer, prostatic 
cancer, brain cancer, head and neck cancer, leukaemia, 
cutaneous lymphoma, hepatic carcinoma, colorectal cancer, 
bladder cancer, rejection-related disease, Graf t-versus- 
host-related disease, or a viral disease associated with 

25 hepatitis, AIDS, measles, pox, chicken pox, rubella or 
herpes . 

The definition' of "^^MHC recognising cells'' and examples of 
MHC recognising cells given above also applies here. 

30 

The sample to be subjected to the methods of the 
invention may suitably be selected from histological 
material, cytological material, primary tumours, 
secondary organ metastasis, fine needle aspirates, spleen 
35 tissue, bone marrow specimens, cell smears, exfoliative 
cytological specimens, touch preparations, oral swabs. 
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laryngeal swabs, vaginal swabs, bronchial lavage, gastric 
lavage, from the umbilical cord, and from body fluids 
such as blood (e.g. from a peripheral blood mononuclear 
cell (PBMC) population isolated from blood or from other 
5 blood-derived preparations such as leukopheresis 
products) , from sputum samples, expectorates, and 
bronchial aspirates. Such may be subjected to various 
treatments. Reference is made to the definitions given 
above, which also apply here. 

10 

ILLUSTRATIVE EMODIMENTS 

1. Applicability of the present invention in breast 
cancer 

15 ..One example of the/utility of the methods of the present . 
invention employing the MHC molecule constructs is 
diagnosis of breast cancer as well as selection of the 
suitable therapeutic regime for treating specific types 
of breast cancer. 

20 

Breast cancer is one of the leading causes of cancer in 
women. New therapeutic approaches consist of 
administering synthetic peptides to induce cytotoxic T- 
lymphocyte (CTL) responses to antigens expressed on 
25 breast tumour cells. Because CTLs are the immune cells 
most capable of directly killing tumour cells, vaccines 
that induce these immune responses are an attractive 
option of preventing cancer recurrences or inhibiting 
tumour progression in early stages of the disease. 

30 

Tissue samples taken from a patient suspected of 
suffering from breast cancer can be taken, stained with 
MHC molecule constructs of the invention, wherein the MHC 
molecules are loaded with peptides expressed by tumour 
3 5 cells, and insofar binding is observed a diagnosis can be 
made . 
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Tissue samples taken from an already diagnosed breast 
cancer patient can be taken, and stained with MHC 
molecule constructs of the invention loaded MHC molecules 
5 filled with certain peptides to investigate whether a 
certain peptide is involved in the disease. If binding is 
observed, the optimal treatment can be selected. For 
examples, some aggressive breast cancers expresses 
HER2/neu, others do not. Accordingly, such information 
10 will be valuable both in the selection of treatment, in 
the prognosis of the disease, and in the prediction of 
the progress of the disease . Other peptides of relevance 
are MAGE, CEA, and pS3 peptides. 

15 2. Applicability of the present invention for jSpecific 
binding of CTLs . ' 

Tissue samples taken from a cancer patient treated with a 
therapeutic substance can be taken, stained with MHC 
molecule constructs of the present invention, loaded with 

20 the correct MHC allele, and wherein the MHC molecules are 
loaded with peptides recognising the specific antigen and 
infiltrating CTLs in the cancer tissue sample. A positive 
staining of (binding to) the CTLs will indicate the 
effectiveness of the particular administered therapeutic 

25 composition, as induced CTLs are identified at the actual 
site of the cancer. By double staining procedures, the 
specific and all the CTLs can be stained. This will 
provide additional information on the effectiveness of 
the formulation. For example, a positive staining using 

3 0 one specific peptide will indicate that the corresponding 
peptide will be particular effective as a component in 
the therapeutic composition. Thus, the therapeutic 
composition can be adjusted/altered in accordance with 
the patient's response based on the identification 

35 (binding) of specific infiltrating CTLs in the cancerous 
tissue . 
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Furthermore, specific CTLs circulating in the blood 
stream can be identified and qriantified using iVIHC 
molecule constructs (with correct allele and peptides) 
5 targeting such CTLs specifically, by subsequently analyse 
in a flow cytometer, whereby binding cells are counted. 
The less invasive nature of circulating blood analysis 
makes flow cytometric analysis use for the continuous 
monitoring of the immune response . 

10 

Another approach is a combination of detecting antigen 
and infiltrating CTLs in cancer tissue samples in double 
or triple staining procedures to identify various 
chemokines- The MHC molecule constructs loaded with 

15 appropriate peptide filled MHC molecules and optionally 
other substances (biologically active compounds) are 
indeed a possibility. The degree of CTL infiltration can 
then be correlated with certain chemokines and allow for 
manipulating of specific CTLs to infiltrate and kill the 

2 0 cancer . 

Also by the present invention such CTLs can be isolated 
from a patient by an immunomagnetic separation procedure 
using MHC molecule constructs, loaded with peptide filled 
25 MHC molecules specifically binding to the CTLs. After 
isolation, the CTLs can be expanded, optionally 
stimulated, and then re-introduced to the patient, either 
alone as an effective treatment or as part of a 
treatment . 

30 

3. Applicability of the present invention in connection 
with transplantation 

The present invention can also be used to follow the T- 
cell response against certain vira in transplanted 
35 patients. Transplant patients are often susceptible to 
virus attacks due to the necessary immunosuppressive 
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therapy to avoid graft rejection. By monitoring the post- 
transplant development of vira- specif ic T-cells that 
assist on-coming vira, the immunosuppressive treatment or 
other preventive medicine can be adjusted to match the 
5 immune status of the patient. This can be done using MHC 
molecule constructs, wherein the MHC molecules are loaded 
with peptides recognised by such T-cells emerging from 
on-going infection. Examples of vira, a phycisian may 
want to monitor, are CMV (cytomegalo virus) and EBV 
10 (Epstein-Barr virus) . 

Another approach will be to isolate and expand to a 
clinically relevant number cells capable of fighting such 
infection. Isolation can be done using the appropriate 
15 MHC molecule construct capable of binding to such cells, 
whereafter such bound cells can be separated by an 
immunomagnetic separation procedure or by flow cytometry. 
The cells can then be expanded and optionally stimulated 
or further activated, and then re- introduced to the 

2 0 patient to help the patient's immune system fight the 

infection. 

The present invention can also be used to monitor the T- 
cell response in transplanted patients towards the graft 
25 or host tissue. The appropriate MHC molecule construct is 
applied, and the binding observed is used to adjust the 
immunosuppresive treatment to correlate with the immune 
status of the patient. 

3 0 4. Applicability of the present invention in connection 

with various infections 

The present invention can be used to detect and monitor 
the T-cell response (or more correctly, the specific T- 
35 cell receptors) in connection with complex diseases such 
as influenza, tuberculosis, malaria, herpes simplex, and 
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chlamydia. MHC molecule constructs, wherein the MHC 
molecules are loaded with the appropriate peptides can be 
applied in the detection and monitoring. 

5 The information such obtained can be used to deduce new 
treatment schemes, or even to develop new medicaments . 

Cells capable of fighting the infection can also be 
obtained using appropriate MHC molecule constructs. 
10 Isolation can be done using an immunomagnetic separation 
procedure or flow cytometry. The so obtained can be 
expanded under suitable conditions, optionally stimulated 
or further activated, and then be re-introduced to the 
patient . 

15 

5 ■ Preparation of SA poly acrylic amide molecule 
A carrier molecule of poly acrylic amide having attached 
thereto a plurality of steptavidin (SA) as binding 
entities is prepared according to the following 

2 0 procedure • 

Streptavidine (SA, Genzyme) is dialysed overnight (100 mg 
in 5 ml, against 1000 ml, 0.10 M NaCl , 2-4°C, 10 kDa 
MwCO, change three times) . In the following, all buffers 

25 are saturated with nitrogen before use. Acrylic acid N- 
hydroxysuccinimide ester (Sigma Chemical Co., catalogue 
number A8 0 60) stored in the freezer is allowed to stand 
at room temperature for one hour before being opened and 
dissolved in dry NMP (7 mg/ml) and is slowly added to a 

30 stirred solution of SA (in total 0.140 ml NMP 
solution/ml, 5 mg SA/ml, 0.1 M NaCl, 25 mM carbonate 
buffer, pH 8.5) and stirred at 30°C under nitrogen 
atmosphere for 2 hours. Any remaining reactive groups are 
quenched by addition of l/lO volume reaction mixture of 

3 5 an ethanol amine -containing buffer (110 mM ethanol amine. 
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50 mM HEPES, 0.1 M NaCl, pH 7.0) and stirred for 3 0 
minutes at 3 0°C. 

Polymerisation is initiated by addition of a 10% ammonium 
5 persulfate solution in water (ammonium persulfate, >98%, 
Sigma catalogue number A3678) to the solution (0.005 ml 
per ml), followed by addition of N^N^N'^'^W- 
tetramethylethylenediamine (TEMED) (Sigma catalogue 
number T9281, 0.005 ml per ml). The reaction mixture is 

10 stirred for 4 hours at 3 0°C. The partly inhomogeneous 
reaction mixture is transferred to a dialysis tube and 
dialysed against 100 fold excess volume of 0.10 M NaCl 
(2-4'^C, 10 kDa MwCO, change three times during 24 hours) . 
The solution containing the polymeric conjugate is 

15 filtered through a 20 my polysulfone filter before being 
purified from unbound ' SA by gel filtration (FPLC, 
Pharmacia, S-500, 0..1 M HEPES, 0.1 M NaCl, pH 7.2). The 
only fractions clearly separated from the free SA and not 
in the void peak are collected as the SA poly acrylic 

20 amide molecule fraction. The degree of SA incorporation 
on the poly acrylic amide carrier molecule can be 
calculated from the UV absorbance at 2 78 nm. The SA poly 
acrylic amide carrier molecule is then concentrated to 
approximately 3 . 0 mg SA per ml . The molecule can is 

25 labelled with label, e.g. FITC or Alexa as described 
below. 

6. Preparation of carboxyl -modified dextran and pullulan 
carrier molecules 

3 0 Dextran (5 00 kDa, Pharmacia BioTech, T-5 00, catalogue 
number 17-0320-2) or pullulan (Sigma, catalogue number 
70051, Mw 400 kDa, polydisparity MW/MN = 1.38) is 
dissolved in water, cooled on ice and added potassium 
hydroxide and monochloroacetic acid (Fluka, catalogue 

35 number 24510) (in total, 1.0 mg dextran or pullulan/ml, 
0.58 mg monochloroacetic acid/ml, ice cold, stirring for 
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4 hours) . The pH in the reaction solution is adjusted to 
pH 7 by slowly adding dilute hydrochloric acid while 
stirring on an ice bath. The solution is dialysed 
extensively against water (10 0 fold excess volume, room 
5 temperature, 10 kDa MwCO, and change six times during 24 
hours) . The dilute solution is collected and freezer 
dried over several days to yield a completely dry powder. 
The degree of carboxyl methyl activation is measured by 
proton NMR analysis by comparing the methyl group 
10 integrals at 4.2 ppm with the carbohydrate backbone 
integrals . The dry powder is stored in a discicator at 
room temperature . 

7. Preparation of rabbit-anti-biotin antibody or SA 
15 attached to carboxyl -modified dextran or attached to 
carboxyl -modified pullulan 

Carrier molecules being carboxyl -modified dextran or 
carboxyl -modified pullulan having attached thereto a 
number of binding entities being rabbit -anti-biot in 

2 0 antibody or SA can be prepared the following way. The 
carboxyl -modified dextran or carboxyl-modif ied pullulan 
is dissolved and added N-hydroxysuccinimide (Aldrich cat. 
No. 13067-2) and l~ethyl-3- (3 -dimethylaminopropyl) carbo- 
diimide hydrochloride (EDAC, Aldrich, catalogue number 

25 E6383, 191.7) (2.0 mg carboxyl modified carbohydrate/ml, 
1.42 mg NHS-OH/ml, 0.5 9 mg EDAC/ml, 50 mM 2-(N- 
morpholino) ethanesulf onic acid (^^MES''', Aldrich, catalogue 
number M8250) , 100 mM NaCl, pH 6.0) followed by stirring 
at room temperature for one hour. The dialysed binding 

30 protein, fab2 affinity purified rabbit-anti-biotin 
antibody or SA is added (in total 1,06 mg activated 
carboxyl modified carbohydrate/ml, 5.3 mg Rabbit anti 
biotin /mL or 6.4 mg streptavidine/mL, 50 mM MES, 100 mM 
NaCl, pH 6.0). After standing overnight at room 

35 temperature, any remaining reactive groups are quenched 
by addition of 1/10 volume reaction mixture of an ethanol 
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amine -containing buffer (110 mM ethanol amine, 50 mM 
HEPES, 0.1 M NaCl, pH 7.0) and stirred for 30 minutes at* 
30 °C. The solution containing the binding entity- 
conjugated carrier molecule is filtered through a 20 my 
5 polysulfone filter before being purified from unbound 
protein by gel filtration (PPLC, Pharmacia, S-500, 0.1 M 
HEPES, 0.1 M NaCl, pH 7,2). Only the fraction clearly 
separated from the free streptavidine and not in the 
first exclusion peak is collected as the conjugate 

10 fraction. The degree of attachment of antibody or SA to 
the carrier molecule can be calculated from the UV 
absorbance at 278 nra. The binding entity- conjugated 
carrier molecule is concentrated to approximately 3.0 mg 
antibody or protein per ml. The conjugate then is 

15 labelled with a. plurality of labelling compounds, e.g. 
FITC or Alexa as described below. 

8. Preparation of SA N-vinylpyrrolidone/N-acryloamide 
molecules 

2 0 Here the carrier molecule is N-vinylpyrrolidone/N- 
acryloxysuccinimide copolymer and the binding entity is 
SA. 

Activated N-vinylpyrrolidone/N-acryloxysuccinimide co- 

2 5 polymer is prepared by copolymerisation of N- 

vinylpyrrolidone (NVP, Aldrich) and acrylic acid N- 
hydroxysuGcinimide ester (Sigma Chemical Co., catalogue 
number AS 060) according to the standard procedures. N- 
vinylpyrrolidone/N-acryloxysuccinimide copolymer in NMP 

3 0 (approximately 2 00 kDa with broad molecular weight 

distribution, 10 mg/ml NMP) is dropwise added to dialysed 
SA in solution while stirring (in total, 6.0 mg SA/ml, 
1.0 mg copolymer /ml, 10 0 mM NaCl, 5 0 mM carbonate, pH 
9.0, 30'^C, 6 hours). Any remaining reactive groups are 
3 5 quenched by addition of l/lO volume reaction mixture of 
an ethanol amine -containing buffer as above, and the hazy 
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polymer conjugate solution filtered through a 20 my 
polysulfone filter before being purified from unbound SA 
by gel filtration and concentrated to approximately 3 . 0 
mg SA per ml as described above. The conjugate is 
5 labelled with a plurality of labelling compounds, e.g. 
FITC or Alexa as described below. 

9. Preparation of MHC molecules constructs 

To prepare MHC molecule constructs from the above 
10 molecules 5-8, MHC molecules can be attached to the 
binding entity- conjugated carrier molecules by adding 
biotinylated MHC molecules to the conjugates in a PBS 
buffer- The MHC molecules may be selected as desired 
(e.g. HLA, or various HLA alleles) . The MHC molecules may 
15 be peptide filled or empty as desired. 

10. MHC molecule construct, wherein the MHC molecule is 
attached directly to the carrier molecule 

The following example illustrates conjugation of MHC 

2 0 molecules directly to an activated polymer carrier 

molecule being 50 0 kDa dextran under mild conditions. 

Purified MHC molecule (10 0 nM heavy chain containing the 
peptide of interest and P2ni) is added to vinylsulf one- 

25 activated dextran (500 kDa, approximately 25% activated, 
in total 2 ng dextran/ml, 10 ng MHC molecule/ml, 20 0 mM 
MES, 100 mM NaCl , pH 6.0), A saturated ammonium sulfate 
solution is slowly added to the mixture (in total 60% of 
original volume) while stirring. After 6 hours at 3 0°C, 

30 the mixture is centrifuged (10.000 g) , the clear solution 
removed and the pellet dissolved in water (0.25 ml per mg 
protein) . Any remaining reactive groups are quenched by 
addition of l/lO volume reaction mixture of an ethanol 
amine -containing buffer as described previously, and the 

3 5 polymer conjugate solution filtered through a 2 0 my 

polysulfone filter before being purified from unbound 
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protein by gel filtration, giving more than 5 MHC molcule 
per dextran chain in average, and concentrated to 
approximately 3 . 0 mg MHC molecule per ml as described 
previously. The construct is labelled with a suitable 
5 labelling compound, e.g. FITC or Alexa following the 
procedures below. 

11. Preparation of MHC molecule constructs, wherein the 
labelling compound is alkaline phosphatase (AP) 

10 The following example illustrates attachment 
(conjugation) of MHC molecule constructs wherein a 
plurality of MHC molecules and a plurality of labelling 
compounds are attached directly to a carrier molecule. 
The carrier molecule is dextran, and the labelling 

15 compound is AP. . . 

Purified MHC molecule (100 nM heavy chain containing the 
peptide of interest and ^2"^) and dialyzed AP (Roche, 
dialyzed against 10 0 mM NaCl) are added to vinylsulf one- 

20 activated dextran (50 0 kDa, approximately 25% activated, 
in total 2 ng dextral/ml, 10 ng MHC molecule/ml, 2 0 ng 
AP/ml, 2 00 mM MES, 10 0 mM NaCl, pH 6.0). A saturated 
ammonium sulphate solution is slowly added to the mixture 
(in total 60% of original volume) while stirring. After 6 

25 hours at 30°C, the mixture is centrifuged (10.000 g) , the 
clear solution removed and the pellet dissolved in water 
(0.25 ml per mg MHC molecule). Any remaining reactive 
groups are quenched by addition of l/lO volume reaction 
mixture of an ethanol amine- containing buffer as 

3 0 described previously, and the polymer conjugate solution 
filtered through a 2 0 my polysulfone filter before being 
purified from unbound protein by gel filtration. The 
conjugate is added protein and enzyme stabilisers, 

3 5 The invention is further illustrated by the following, 
non- limiting examples . 
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EXAMPLES 

Until now, several examples on specific binding of 
5 oligomerised e.g. tetramer MHC Class I and II molecules 
have been used to identify peptide epitope specific T- 
cell populations . The high avidity of oligomer MHC 
complexes, e.g. tetramers, has added a new and 
significant tool to analyse clonal T-cell responses 
10 toward pathogenic organisms and antigens. In following 
examples, the binding of multi-valent MHC molecule 
constructs of the invention has been addressed. 

The examples described below intent to characterise 
15 peptide .specific and high avidity binding of,. MHC 
molecules displaying poly-ligands to different peptide 
epitope specific T-cell clones and lines when these are 
presented in the form of constructs according to the 
invention. 

20 

It was surprisingly found that improved binding avidity, 
generated by the high valence of MHC molecule constructs 
according to the invention result in improved detection 
of subtle T-cell populations as compared to the prior art 
25 MHC molecule tetramers . 

EXAMPLE 1 

Production of poly-ligand MHC molecule and tetramers 

30 

A- Production of carrier molecules with binding entities 
Vinylsulfon activated dextran 

Dextrans of different molecular sizes (150 and 270 kDa 
3 5 from Pharmacosmos , 5 00 kDa from Pharmacia) were activated 
with divinylsulf on (Aldrich) according to the description 



